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[Name of the Document] Specification 
[Title of the Invention] Electron-emitting Device, 

Electron Source and Image - 
forming Appeuratus using the 
Same and Method for 
Manufacturing Them 

[What is Claimed is] 
[Claim 1] 

An electron -emit ting device comprising an 
electroconductive film having an electron-emitting region 
formed therein between a pair of device electrodes, 
characterized in that said electron- emitting region 
comprises a fissure having a uniform width of 50 nm or 
less formed in said electroconductive film, 

[Claim 2] 

An electron-emitting device comprising an 
electroconductive film having an electron-emitting region 
formed therein between a pair of device electrodes, 
characterized in that the voltage applicable length in 
said electron -emitting region is 5 nm or less uniformly. 

[Claim 3] 

The electron -emitting device according to claim 1 
or 2, wherein said electron -emitting region has a coat 
made of a material different from that of the 
electroconductive film. 



[Claim 4] 

The lectron-emltting device according to claim 
3 , wherein said coat contains carbon or a carbon 
compound, 

[Claim 5] 

The electron-emitting device according to claim 
3, wherein said coat contains metal or a metal compound. 
[Claim 6] 

The electron-emitting device according to any of 
claims 1 to 5, wherein said electron-emitting device Is a 
surface conduction electron-emitting device. 

[Claim 7] 

An electron source comprising a plurality of 
electron-emitting devices arranged on a substrate, 
characterized In that said electron-emitting devices are 
the electron-emitting devices according to any of claims 
1 to 6. 

[Claim 81 

The electron source according to claim 7, wherein 
a plurality of said electron-emitting devices are wired 
In a matrix arremgement. 

[Claim 9] 

The electron source according to claim 7, wherein 
a plurality of said electron-emitting devices are wired 
in a ladder-like cirrangement . 
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[Claim 10] 

An image- forming apparatus comprising an electron 
source comprising a plurality of electron-emitting 
devices arranged and an image -forming member forming an 
image by irradiation of electron beams emitted from the 
electron source on a substrate, characterized in that 
said electron source is the electron source according to 
any of claims 7 to 9. 

[Claim 11] 

A method of manufacturing an electron-emitting 
device comprising an electroconductive film having an 
electron -emitting region formed therein between a pair of 
device electrodes, characterized in that the step of 
forming the electron- emitting region in the 
electroconductive film is conducted in an atmosphere 
containing a gas for promoting reduction or cohesion of 
the electroconductive film, 

[Claim 12] 

The method of manufacturing an electron-emitting 
device according to claim 11, wherein said gas lis Hj. 
[Claim 13] 

The method of manufacturing an electron-emitting 
device according to claim 11, wherein said gas is CO or 
an organic substance. 

[Claim 14] 

The method of manufacturing an electron-emitting 



device according to any of claims 11 to 13, wherein the 
step of forming the electron-emitting region in the 
electroconductlve film has a step of energizing an 
electroconductlve film made of a metal oxide. 
[Claim 15] 

A method of manufacturing an electron-emitting 
device comprising an electroconductlve film having an 
electron-emitting region formed therein between a pair of 
device electrodes, characterized in that the step of 
forming the electron-emitting region in the 
electroconductlve film is conducted by applying a pulse 
voltage to the electroconductlve film, said pulse voltage 
satisfies the requirement of St 5 x T^, where is the 
pulse width and Tj is the pulse interval, and the wave 
height of said pulse voltage is set so that the 
electroconductlve film is cohered. 

[Claim 16] 

A method of msuiuf acturing an electron-emitting 
device comprising an electroconductlve film having an 
electron-emitting region formed therein between a pair of 
device electrodes, characterized in that the step of 
forming the electron-emitting region in the 
electroconductlve film is conducted by applying a pulse 
voltage to the electroconductlve film, said pulse voltage 
satisfies Tj ^ 5 x T^, where Ti is the pulse width and Tj 
is the pulse interval, and the wave height of said pulse 
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voltage is raised and held to the wave height level so 
that the electroconductive film is cohered. 
[Claim 17] 

The method of manufacturing an electron-emitting 
device according to claim 16, wherein said wave height 
level is held and then the pulse width is increased. 

[Claim 18] 

The method of manufacturing an electron-emitting 
device according to claim 16, wherein said wave height 
level is held and then the wave height of the pulse 
voltage is increased . 

[Claim 19] 

The method of manufacturing an electron-emitting 
device according to any of claims 15 to 18, wherein said 
step of forming the electron-emitting region in the 
electroconductive film is conducted in an atmosphere 
containing gas accelerating reduction or cohesion of the 
electroconductive film. 

[Claim 20] 

The method of manufacturing an electron-emitting 
device according to claim 19, wherein said gas is Hj. 
[Claim 21] 

The method of manufacturing an electron-emitting 
device according to claim 19, wherein said gas is CO or 
an organic substance. 
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[Claim 22] 

The method of manufacturing an electron-emitting 
device according to any of claims 11 to 21, comprising 
further the step of forming a coat made of a material 
different from that of the electroconductive film in the 
electron-emitting region, 

[Claim 23] 

The method of manufacturing an electron-emitting 
device according to claim 22, wherein the material of 
said coat of the electron-emitting region is carbon or a 
carbon compound. 

[Claim 24] 

The method of manufacturing an electron-emitting 
device according to claim 22, wherein the material of 
said coat of the electron-emitting region is metal or a 
metal compound. 

[Claim 25] 

The method of manufacturing an electron-emitting 
device according to €iny of claims 11 to 24, wherein said 
electron -emitting device is a surface conduction 
electron-emitting device. 

[Claim 26] 

A method of manufacturing an electron source 
comprising a plurality of electron-emitting devices 
arranged on a substrate, characterized in that said 
electron-emitting devices are manufactured by the method 
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according to any of claims 11 to 25. 
[Claim 27] 

A method of manufacturing an image -forming 
apparatus comprising an electron source arranged with a 
plurality of electron-emitting devices and an 
image-forming member forming an image by irradiation of 
electron beams emitted from the electron source on a 
substrate, characterized in that said electron source is 
manufactured by the method according to claim 26. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Industrial Utilization] 

This invention relates to an electron-emitting 
device, an electron source comprising a number of said 
electron-emitting devices arranged, an image- forming 
apparatus such as a display device and an exposing device 
comprising said electron source, and a method of 
meuiuf acturing thereof. 
[0002] 
[Prior Art] 

There have been known two types of 
electron-emitting device; the thermionic cathode type and 
the cold cathode type. Of these, the cold cathode type 
refers to devices Including field emission type 
(hereinafter referred to as the FE type) devices, 
metal/insulation layer /metal type (hereinafter referred 



to as the MIM type) electron-emitting devices and surface 

conduction electron-emitting devices. 

[0003] 

Examples of FE type device include those proposed 
by W. P. Dyke & W. W. Dolan, "Field emission". Advance in 
Electron Physics, 8, 89 (1956) and C. A. Spindt, 
"PHYSICAL Properties of thin-film field emission cathodes 
with molybdenum cones", J. Appl. Phys., 47, 5248 (1976). 
[0004] 

Examples of MIM device are disclosed in papers 
including C. A. Mead, "Operation of Tunnel -Emission 
Device", J. Appl. Phys . , 32, 646 (1961). 
[0005] 

Examples of surface conduction electron-emitting 
device include one proposed by M. I. Elinson, Radio Eng. 
Electron Phys., 10, 1290 (1965). 
[0006] 

A surface conduction electron-emitting device is 
realized by utilizing the phenomenon that electrons are 
emitted out of a small thin film formed on a substrate 
when an electric current is forced to flow in parallel 
with the film surface. While Elinson proposes the use of 
SnOj thin film for a device of this type, the use of Au 
thin film is proposed in G. Dittmer, "Thin Solid Films", 
9, 317 (1972) whereas the use of InjOg/SnOj and that of 
carbon thin film are discussed respectively in M. 
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Hartwell and C, G. Fonstad, "IEEE Trans. ED Conf,", 519 
(1975) and H. Arcikl et al., "Vacuum", Vol. 26, No. 1, 
p. 22 (1983). 
[0007] 

Fig. 18 of the accompanying drawings 
schematically illustrates a typical surface conduction 
electron-emitting device proposed by M. Hartwell. In 
Fig. 18, reference numeral 1201 denotes a substrate. 
Reference numeral 1203 denotes an electroconductive thin 
film normally prepared by producing an H- shaped thin 
metal oxide film by means of sputtering, part of which 
eventually makes an electron-emitting region 1202 when it 
is subjected to a current conduction treatment referred 
to as "energization forming" as will be described 
hereinafter. Note that the distance L is set to 0.5 to 
1 mm and the width W is set to 0.1 mm. 
[0008] 

In these surface conduction electron-emitting 
devices, an electron-emitting region 1202 is generally 
formed by an energization treatment called energization 
forming before conducting electron emission. The 
energization forming is a treatment that an 
electroconductive film 1203 is locally destroyed, 
deformed or changed in quality by applying an voltage to 
both the ends of the electroconductive film 1203 thereby 
forming the electron-emitting region 1202 having 
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electrically high resistance. The electron-emitting 
region 1202 has a fissure generated in the art of the 
electroconductive film 1203 and electrons are emitted 
from the vicinity of the fissure. 
[0009] 

In addition to hartwell's device mentioned above, 
the present applicants reported an electron -emitting 
device which is manufactured by forming a pair of device 
electrodes made of a conductive material oppositely 
disposed on an insulating substrate, forming an 
electroconductive film electrically connecting said pair 
of device electrodes, and forming an electron-emitting 
region in the electroconductive film by energization 
forming. It was also reported that the energization 
forming can be conducted by a method which comprises 
applying a pulse voltage to the electroconductive film 
and then gradually increasing the wave height of the 
pulse voltage. An example of the constitution of and the 
method for manufacturing the above electron-emitting 
device is described for example in Japanese Patent 
Application No. 6-141670. 
[0010] 

The surface conduction electron-emitting device 
is simple in structure and easy to manufacture, and hence 
has an advantage that a number of devices can be formed 
into an array having a large area. Therefore, a variety 
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of application studies with a view of utilizing such 
advantageous features of the surface conduction 
electron-emitting device have been conducted. Typical 
application field Includes, e.g., charged beam sources 
and display devices . 
[0011] 

As one example of applications in which a number 
of surface conduction electron-emitting devices are 
formed into an array, there is proposed an electron 
source that, as described later in detail, surface 
conduction electron-emitting devices are arrayed in 
parallel, opposite ends of the individual devices are 
interconnected by two wires (called also common wires) to 
form one row, and a number of rows are arranged to form a 
matrix pattern. (See, e.g., Japanese Patent Application 
Laid-open No. 64-031332, No. 1-283749 and No. 2-257552). 
[0012] 

In the field of image-forming apparatus such as 
display devices, petrticularly, as a self -liimlnous display 
apparatus not requiring backlights and also capable of 
making a plane type display device similar to that using 
licpiid crystals, a display apparatus is proposed in which 
an electron source having an array of numerous surface 
conduction electron-emitting devices and a fluorescent 
film radiating visible light upon impingement of 
electrons emitted from the electron source are combined 
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with each other to form a display d vice. (See, e.g., 

USP No. 5,066,883) . 

[0013] 

[Problems to be Solved by the Invention] 
There is a consistent demand for 
electron-emitting devices that operate uniformly and 
stably for electron emission when used in an 
image-forming apparatus so that it may be free from the 
problem of uneven brightness of pixels and produce 
stabilized images. 
[0014] 

However, the above described Hartwell's 
electron-emitting device is not necessarily satisfactory 
in terms of uniformity and stability of electron 
emission. The electron-emitting region of the device is 
formed by energization forming as described above but, 
after it is formed by energization forming, it shows an 
uneven and unstable profile over the entire region. 
Vfhen such devices are arrsuiged on a substrate to form an 
electron source of an image-forming appeiratus, the 
electron-emitting regions of the devices will be uneven 
in terms of profile and electron-emitting performance as 
a matter of course. Accordingly, it will be very 
difficult to obtain an image -forming apparatus operating 
uniformly and excellent in electron-emitting stability 
using such an electron source. 
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[0015] 

On the other hand, according to the 
electron -emitting device and the method of manufacturing 
it reported by the present applicants, the above 
identified problems can be solved to a considerable 
extent, and an electron source and an image-forming 
apparatus using such electron-emitting devices are 
reported in the above cited Patent Application. 
[0016] 

However, in order to achieve a higher degree of 
applicability and adaptability for surface conduction 
electron-emitting devices, they have to show a further 
improved electron-emitting performance in terms of 
uniformity and stability. In peirticular, in the process 
of manufacturing an electron source by arranging a large 
number of surface conduction electron-emitting devices, 
relatively large power has to be consumed for 
energization forming for producing electron-emitting 
regions in the devices. This means that a leirge electric 
current runs through wires, which on their part resist 
the electric current flowing therethrough eind 
consequently pull down the voltage until the effective 
voltage applied to the electron-emitting devices for 
energization forming significantly varies from device to 
device. Therefore, nonnegligible deference may occur in 
electron-emitting characteristics from device to device. 
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[00171 

Additionally, because of the large power used for 
forming electron-emitting regions, they do not 
necessarily come out in good shape particulcirly from the 
viewpoint of electron -emitting efficiency. 
[0018] 

In view of the above identified technological 
problems, it is, therefore, an object of the present 
invention to provide an electron -emitting device that 
operates stably and uniformly. It is another object of 
the invention to provide an electron-emitting device that 
shows an excellent electron-emitting efficiency. It is 
still another object of the invention to provide an 
image -forming apparatus that operates stably and 
uniformly for producing fine and clear images. 
[0019] 

[Mecins for Solving Problems] 

The present invention has been completed in order 
to achieve the above objects and comprises the following 
constitutions . 
[0020] 

A first invention provide an electron-emitting 
device comprising an electroconductive film having an 
electron -emitting region formed therein between a pair of 
device electrodes, characterized in that said 
electron-emitting region comprises a fissure having a 
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uniform width of 50 nm or less formed in said 

electroconductive film. 

[0021] 

A second invention provide an electron-emitting 
device comprising an electroconductive film having an 
electron-emitting region formed therein between a pair of 
device electrodes, characterized in that the voltage 
applicable length in said electron-emitting region is 5 
nm or less uniformly. 
[0022] 

The electron-emitting device according to the 
first and second inventions is characterized in that 

said electron-emitting region has a coat made of 
a material different from that of the electroconductive 
film, 

said coat contains carbon or a carbon compound, 
said coat contains metal or a metal compound, and 
said electron-emitting device is a surface 

conduction electron-emitting device. 

[0023] 

' A third invention provides an electron source 
comprising a plurality of electron-emitting device 
arranged on a substrate, characterized in that said 
electron-emitting devices sore the electron-emitting 
devices according to the first invention or the second 
invention. 
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[0024] 

The electron source according to the third 
invention is characterized in that a plurality of said 
electron-emitting devices are wired in a matrix 
arrangement , and 

a plurality of said electron- emitting devices are 
wired in a ladder-like arrangement, 
[0025] 

A fourth invention provides an image-forming 
apparatus comprising an electron source comprising a 
plurality of electron-emitting devices arranged and an 
image -forming member forming an image by irradiation of 
electron beams emitted from the electron source on a 
substrate, characterized in that said electron source is 
the electron source according to the third invention, 
[0026] 

A fifth invention provides a method of 
manufacturing an electron-emitting device comprising an 
electroconductive film having an electron-emitting region 
formed therein between a pair of device electrodes, 
characterized in that the step of forming the 
electron-emitting region in the electroconductive film is 
conducted in an atmosphere containing a gas for promoting 
reduction or cohesion of the electroconductive film, 
[0027] 

The method according to the fifth invention is 
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characterized in that said gas is Hj, said gas is CO or an 
organic substance, and the step of forming the 
electron-emitting region in the electroconductive film 
has a step of energizing an electroconductive film made 
of a metal oxide. 
[0028] 

A sixth invention provides a method of 
manufacturing an electron-emitting device comprising an 
electroconductive film having an electron-emitting region 
formed therein between a pair of device electrodes, 
characterized in that the step of forming the 
electron-emitting region in the electroconductive film is 
conducted by applying a pulse voltage to the 
electroconductive film, said pulse voltage satisfies the 
requirement of ^ 5 x T^, where is the pulse width 
and T2 is the pulse Inteirval, and the wave height of said 
pulse voltage is set so that the electroconductive film 
is cohered* 
[0029] 

A seventh invention provides a method of 
manufacturing an electron-emitting device comprising an 
electroconductive film having an electron-emitting region 
formed therein between a pair of device electrodes, 
ch€u:acterlzed in that the step of forming the 
electron-emitting region in the electroconductive film is 
conducted by applying a pulse voltage to the 
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lectroconductive film, said pulse voltage satisfies 
^ 5 X Tj, where is the pulse width and Tj is the 
pulse interval, and the wave height of said pulse voltage 
is raised and held to the wave height level so that the 
electroconductive film is cohered* 
[0030] 

The method according to the seventh invention is 
characterized in that said wave height level is held and 
then the pulse width of the pulse voltage is increased, 
and then the wave height of the pulse voltage is 
increased. 
[0031] 

The method according to the sixth and seventh 
inventions is characterized in that 

said step of forming the electron-emitting region 
in the electroconductive film is conducted in an 
atmosphere containing gas accelerating reduction or 
cohesion of the electroconductive film, 

said gas is Hj, 

said gas is CO or an organic substance, 
the step of forming a coat made of a material 
different from that of the electroconductive film in the 
electron-emitting region is further contained, 

said coat contains cetrbon or a carbon compound, 
said coat contains metal or a metal compound, and 
said electron -emitting device is a surface 
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conduction electron-emitting device. 
[0032] 

An eighth invention provides a method of 
manufacturing an electron source comprising a plurality 
of electron-emitting devices arranged on a substrate, 
characterized in that said electron-emitting devices are 
manufactured by the method according to the sixth 
invention or the seventh invention. 
[00331 

A ninth invention provides a method of 
manufacturing an image -forming apparatus comprising an 
electron source arranged with a plurality of 
electron-emitting devices and an image-forming member 
forming an image by irradiation of electron beeims emitted 
from the electron source on a substrate, characterized in 
that said electron source is manufactured by the method 
according to the eighth invention. 
[0034] 

According to the electron-emitting device and the 
method of manufacturing it of the present invention, a 
configuration of the electron- emitting region with small 
unevenness in terms of profile can be developed, thereby 
improving uniformity and stability of electron-emitting 
characteristics* Further, according to the electron 
source of the present invention, a plurality of the 
electron-emitting devices used can uniformly and stably 
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emit electrons. Still further, according to the 
image -forming apparatus of the present invention, the 
apparatus can display good images with small unevenness 
and excellent in operation stability. 
[0035] 

[Preferred Modes for Carrying out the Invention] 

Next, preferred embodiments of the present 
invention will be described. 
[0036] 

An electron-emitting device for which the present 
invention is applicable is classified as the cold cathode 
type electron-emitting device as described above, and 
among them, especially a surface conduction 
electron-emitting device is preferable from the 
standpoint of electron-emitting characteristics. 
Accordingly, a surface conduction electron-emitting 
device will be described bellow. 
[0037] 

A surface conduction electron-emitting device 
according to the invention may be either of a plane type 
or of a step type. Firstly, a surface conduction 
electron-emitting device of a plane type will be 
described. 
[0038] 

(a) and (b) of Fig. 1 eure a schematic plan view 
and a schematic cross sectional view of a plane type 
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surface conduction electron-emitting device according to 
the Invention. In Fig. 1, reference numeral 1 denotes a 
substrate, 4 and 5 denote electrodes (device electrodes), 
3 denotes an electroconductive film, and 2 denotes an 
elec tr on - emi 1 1 ing region . 
[0039] 

The substrate 1 can comprise quartz glass, glass 
containing impurities such as Na to a reduced 
concentration level, soda lime glass, glass substrate 
realized by forming an SiO^ layer on soda lime glass by 
means of sputtering, ceramic substances such as alumina 
or Si. 
[0040] 

While the oppositely arranged device electrodes 4 
and 5 may be made of any highly conducting material, 
preferred candidate materials include metals such as Ni, 
Cr, Au, Mo, W, Pt, Ti, Al, Cu and Pd and their alloys, 
printed conducting materials made of a metal or a metal 
oxide selected from Pd, Ag. RuO^, Pd-Ag, etc. with glass, 
transparent conducting materials such as InjOj-SnOj and 
semiconductor materials such as polysilicon. 
[0041] 

Referring to (a) and (b) of Fig. 1. the distance 
L separating the device electrodes, the length Wl of the 
device electrodes, the width W2 of the electroconductive 
thin film 3 and the height d of the device electrodes and 
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other factors for designing a surface conduction 
electron-emitting device according to the invention may 
be determined depending on the application of the device. 
The distance L separating the device electrodes 4 and 5 
is preferably between hundreds nanometers and hundreds 
micrometers and, still preferably, between several 
micrometers and tens of several micrometers depending on 
the voltage to be applied to the device electrodes, 
[0042] 

The length Wl of the device electrodes is 
preferably between several micrometers and hundreds of 
several micrometers depending on the resistance of the 
electrodes and the electron-emitting characteristics of 
the device. The film thickness d of the device 
electrodes 4 cind 5 is between tens of several nanometers 
and several micrometers. 
[0043] 

A surface conduction electron -emitting device 
according to the invention may have a configuration other 
than the one illustrated in Fig. 1 and, alternatively, it 
may be prepared by sequentially laying an 
electroconductive thin film 3 and oppositely disposed 
device electrodes 4 and 5 on a substrate 1. 
[0044] 

The electroconductive thin film 3 is made of a 
material selected from metals such as Pd, Pt, Ru, Ag, Au, 
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Tl, In, Cu, Cr, Fe, Zn, Sn, Ta, W and Pb, oxides such as 
PdO, SnOj, InjOj, PbO and SbjOj, borides such as HfBj, ZrB^, 
LaBg, CeBg, YB4 and GdB4, carbides such as TiC, ZrC, HfC, 
TaC, SiC and WC, nitrides such as TiN, ZrN and HfN, 
semiconductors such as Si and Ge and carbon. 
[0045] 

The electroconductive thin film 3 is preferably a 
fine particle film in order to provide excellent 
electron-emitting characteristics. The thickness of the 
electroconductive thin film 3 is determined as a function 
of the stepped coverage of the electroconductive thin 
film on the device electrodes 4 and 5, the electric 
resistance between the device electrodes 4 and 5 and the 
parameters for the forming operation that will be 
described later as well as other factors and preferably 
between several angstroms and several hundreds nm. The 
electroconductive thin film 3 normally shows a sheet 
resistance Rs between 10^ and 10^ a/0. Note that Rs is 
the resistance defined by R = Rs (1/w), where w and 1 are 
the width and the length of a thin film respectively and 
R is the resistance determined along the longitudinal 
direction of the thin film. The film thickness of the 
electroconductive film showing the above resistance is in 
a range within about 5 nm to 50 nm, and in the thickness 
within the above range, the thin film comprising each 
material has a fine particle film configuration. 
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Th term a "fine particle film" as used herein refers to 
a thin film constituted of a large number of fine 
particles that may be loosely dispersed, tightly arranged 
or mutually and randomly overlapping (to form an Island 
structure under certain conditions). The diameter of 
fine particles to be used for the purpose of the present 
Invention Is between a tenth of several nanometers and 
hundreds of several nanometers and preferably between a 
nanometer and twenty nanometers . 
[0046] 

Since the term "fine petrtlcle" Is frequently used 
herein. It will be described In greater depth below. 
[0047] 

A small peart Icle Is referred to as a "fine 
particle" and a particle smaller than a fine particle Is 
referred to as an "ultraf Ine peart Icle" . A particle 
smaller than an "ultraf Ine peortlcle" and constituted by 
several hundred atoms Is often referred to as a 
"cluster" . 
[0048] 

However, these definitions are not rigorous and 
the scope of each term can vary depending on the 
pfiortlcular aspect of the particle to be dealt with. 
An "ultraf Ine particle" may be referred to simply as a 
"fine particle" as In the case of this patent 
application. 
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[00491 

"The Experimental Physics Course No* 14: 
Surface/Fine Particle" (ed. , Koreo Kinoshita; Kyoritu 
Publication, September 1, 1986) describes as follows. 

"A fine particle as used herein refers to a 
particle having a diameter somewhere between 2 to 3 yun 
and 10 nm and an ultrafine particle as used herein means 
a particle having a diameter somewhere between 10 nm and 
2 to 3 nm. However, these definitions are by no means 
rigorous and an ultrafine particle may also be referred 
to simply as a fine particle. Therefore, these 
definitions are a rule of thumb in any means. A particle 
constituted of two to several hundred atoms is called a 
cluster." (Ibid., p. 195, 11.22-26) 
[0050] 

Additionally, "Hayashi's Ultrafine Particle 
Project" of the New Technology Development Corporation 
defines an "ultrafine -particle" as follows, employing a 
smaller lower limit for the particle size. 
[0051] 

"The Ultrafine Particle Project (1981-1986) under 
the Creative Science and Technology Promoting Scheme 
defines an ultrafine particle as a particle having a 
diameter between about 1 and 100 nm. This means an 
ultrafine particle is an agglomerate of about 100 to 
10® atoms. From the viewpoint of atom, am ultrafine 
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particle Is a huge or ultrahuge particle (Ultraflne 
Particle - Creative Science and Technology: ed. , Chlkara 
Hayashl, Ryojl Ueda, Aklra Tazakl; Mlta Publication, 
1988, p. 2, 11.1-4) "A particle smaller than an ultraflne 
particle and constituted by several to several hundred 
atoms Is referred to as a cluster." (Ibid., p. 2, 
11.12-13) 
[0052] 

Tciklng the above general definitions Into 
consideration, the term "a fine petrtlcle" as used herein 
refers to an agglomerate of a large number of atoms 
and/or molecules having a diameter with a lower limit 
between several angstroms and 1 nm and an upper limit of 
several micrometers. 
[00531 

The electron-emitting region 2 Is formed In part 
of the electroconductlve thin film 3 and comprises an 
electrically highly resistive fissure, although Its 
performance Is dependent on the thickness, condition and 
material of the electroconductlve thin film 3 and the 
energization forming process which will be described 
hereinafter. The fissure has a uniform width which Is 
not greater than 50 nm. The width of the fissure Is 
determined by observing It through an electron microscope 
at regularly selected measurement points with 1 \m 
Intervals over the entire length of the electron-emitting 
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region. When the observed width of the fissure Is found 
with a deviation not exceeding a 20 % range on either 
side from the median over no less than 70 % of the entire 
length, the fissure Is expressed to have "a uniform 
fissure width". When the term "fissure width" Is used. 
It generally refers to the median of the observed values. 
[0054] 

Electroconductlve fine peirtlcles having particle 
sizes within a range of from several angstroms to several 
tens nm are present In the Inside of the 
electron-emitting region 2 In some cases. Accordingly, 
these electroconductlve fine particles contain part or 
all of elements of the material constituting the 
electroconductlve film 3. When an activation process Is 
performed described hereinafter, the electron-emitting 
region 2 and the electroconductlve film 3 In the vicinity 
thereof may contain a simple substance and a compound 
comprising part or all of elements contained In a gas 
phase In which the activation process Is conducted. 
Specifically, the electron-emitting region 2 and the 
vicinity thereof contain c€a:bon and/or a carbon compound 
or metal and/or a metal compound. Note that the location 
of the electron-emitting region 2 is not limited to that 
shown in Fig. 1. 
[0055] 

In the electron-emitting device according to the 
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present Invention, the voltage applicable length in the 
electron-emitting region 2 is preferably 5 nm or less 
uniformly. The term "voltage applicable length" refers 
to the length of a zone along which the device voltage 
can be applied in the electron-emitting region of an 
electron-emitting device. Most of the device voltage 
applied to the device electrodes is applied to that zone 
of the electron-emitting region to give rise to a fall of 
voltage. The voltage applicable length is determined in 
a manner as described below. 
[0056] 

An electron-emitting device according to the 
invention is placed in position on an electron microscope 
in such a way that the device voltage may be applied to 
the device electrodes. The electron microscope is 
provided with an oil -free ultra-high vacuum pximp to 
realize an ultra-high vacuum condition, or a pressure 
lower them 10** Pa. Electrons emitted from an electron 
gun of the electron microscope axe accelerated and 
collide with the electron-emitting region of the 
electron-emitting device to generate secondary electrons, 
which are observed as secondary electron images that may 
vary as a function of the electric potential of the 
electron-emitting region. On the lower potential side of 
the device electrode and the electroconductive thin film, 
the generated secondary electrons strike the secondary 
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electron detector of the electron microscope and are 
observed as a white secondary electron Image, On the 
higher potential side of the device electrode and the 
electroconductive thin film, on the other hand, only very 
few electrons strikes the secondary electron detector 
because of the electric field produced near the 
electron-emitting region and are collectively observed as 
a black image. The potential C€in be determined by using 
this principle and observing secondcu:y electron images. 
[0057] 

(a) of Fig. 22 is a schematic illustration of a 
view of secondary electron images observed through an 
electron microscope when a voltage was applied to a 
specimen of surface conduction electron-emitting device 
according to the invention. The voltage applied to the 
device is low and any possible emission of electrons from 
the device is negligible. More specifically, it is lower 
than the threshold voltage of Vth (described in detail 
hereinafter) shown in Fig. 6 and typically between 1 and 
4.0 V. When the voltage exceeds Vth, electrons emitted 
from the electron -emit ting region can strike the 
secondary electron detectors so that the potential of the 
electron-emitting region cannot be correctly observed. 
In (a) of Fig. 22, the left side is the lower potential 
side, whereas the right side is the higher potential side 
of the specim n of surface conduction eliectron-emltting 
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device. Secondary electrons are obs rved as a white 
Image on th lower potential side of the 

electron-emitting region 2, whereas they are observed as 
a black Image on the higher potential side. Although the 
zone to which the voltage is applied can be defined by 
observing the gray scale readings of these secondary 
electron Images, It can be more easily defined by tciklng 
a pictures of the Images, another picture of the Images 
after reversing the voltage applied to the 
electron -emit ting region and laying the developed 
pictures one on the other. (b) of Fig. 22 Is a picture 
of the same area of the device of (a) of Fig. 22 after 
reversing the voltage applied thereto. (c) of Fig. 22 Is 
an Image obtained by laying the two pictures one on the 
other. In (c) of Fig. 22, the white zone 142 disposed 
between two black secondary electron Images 141 
represents the zone to which the device voltage Is 
effectively applied. The real length AL of the zone can 
be determined by measuring the apparent length on the 
microscope and using Its magnitude over the entire length 
of the electron-emitting region. As In the case of the 
fissure width, when the observed voltage applicable 
length Is found with a deviation not exceeding a 20 % 
range on either side from the median over no less than 
70 % of the entire Instances of measurement, the voltage 
applicable length Is expressed to be "uniform" . When the 
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term "voltage applicable length" is used, it generally 
refers to the median of the observed values. If the 
black images of the secondary electrons are discontinued 
by chance, the voltage applicable length was determined 
without measuring the lengths of any discontinued areas. 
[0058] 

A step type surface conduction electron-emitting 
device will be described below. 
[0059] 

Fig. 2 is a schematic cross sectional view of a 
step type semiconductor electron-emitting device 
according to the invention. In Fig. 2, the components 
that are same as or similar to those of the device of 
Fig. 1 are denoted by the same reference symbols. 
Reference symbol 21 denotes a step-forming section. The 
device comprises a substrate 1, device electrodes 4 and 
5, an electroconductive thin film 3 and an electron 
emitting region 2, which are made of materials same as a 
flat (plane) type surface conduction electron-emitting 
device as described above, as well as a step-forming 
section 21 made of an insulating material such as SiOj 
produced by vacuum deposition/ printing or sputtering and 
having a height corresponding to the distance L 
separating the device electrodes of a flat type surface 
conduction electron -emitting device as described above, 
or betwe n several hundred nanometers and several hundred 
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micrometers. Preferably, the height of the step-forming 
section 21 Is between several micrometers and several 
tens micrometers, although It Is selected as a function 
of the method of producing the step- forming section used 
there and the voltage to be applied to the device 
electrodes . 
[0060] 

After forming the device electrodes 4 and 5 and 
the step-forming section 21, the electroconductlve film 3 
Is laid on the device electrodes 4 and 5. While the 
electron-emitting region 2 Is formed on the step-forming 
section 21 in Fig. 2, Its location and contour are 
dependent on the conditions under which It Is prepared 
and the energization forming conditions and are not 
limited to those shown In Fig. 2. 
[0061] 

A method of manufacturing a surface conduction 
electron-emitting device according to the present 
Invention shown In Fig. 1 will be described below by- 
referring to Fig. 3. Note that In Fig. 3, the components 
that are same as those of the device of Fig. 1 are 
denoted by the same reference numerals. 
[0062] 

1) After thoroughly cleaning an Insulating 
substrate 1 with a detergent, pure water and an organic 
solvent, a material Is deposited on the substrate 1 by 
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means of vacuum deposition, sputtering and the like for a 
pair of device electrodes, and then the material is 
patterned for example by the photolithography technique 
to form the device electrodes 4 and 5 on the substrate 1 
( (a) of Fig. 3) . 
[0063] 

2) An organic metal film is formed oh the 
substrate 1 carrying thereon the pair of device 
electrodes 4 and 5 by applying an orgsmic metal solution. 
The organic metal solution may contain as a principal 
ingredient any of the metals listed above for the 
electroconductive thin film 3. Thereafter, the organic 
metal thin film is heated, baked and subsequently 
subjected to a patterning operation, using an appropriate 
technique such as lift-off or etching, to produce an 
electroconductive thin film 3 ((b) of Fig. 3). While an 
organic metal solution is used to produce thin films in 
the above description, an electroconductive thin film 3 
may alternatively be formed by vacuum deposition, 
sputtering, chemical vapor deposition, dispersion 
coating, dipping, spinner coating or some other 
technique • 

[0064] 

3) Thereafter, the device is subjected to an 
energization forming process. When a voltage is applied 
between the device electrodes from a power source (not 
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shown), the electroconductive film 3 Is locally 
destroyed, deformed or transformed to form a site having 
a changed structure which constitutes an 
electron-emitting region 2 ((c) of Fig. 3). 
[00651 

Here, the energization forming process conducted 
in an atmosphere containing gas promoting cohesion of the 
electroconductive film 3 will be described • 
[0066] 

The voltage to be used for energization forming 
preferably has a pulse waveform. A triangular pulse 
voltage having a constant height or a constant peak 
voltage may be applied continuously as shown in (a) of 
Fig. 23 or, alternatively, a triemgular pulse voltage 
having an increasing wave height or an increasing peak 
voltage may be applied as shown in (b) of Fig. 23. 
[0067] 

In (a) of Fig. 23, the pulse voltage has a pulse 
width Tl and a pulse interval T2, which are typically 
between 1 iisec and 10 msec and between 10 iisec and 
100 msec, respectively. The height of the triangular 
wave (the peak voltage for the energization forming 
operation) may be appropriately selected depending on the 
profile of the surface conduction electron-emitting 
device, and the pulse voltage is applied for a time 
between several seconds and several minutes. 
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(b) of Fig, 23 shows a pulse voltage whose pulse height 
increases with time. In (b) of Fig* 23, the pulse 
voltage has an width Tl and a pulse interval T2 that are 
substantially similar to those of (a) of Fig. 23. 
[0068] 

The energization forming operation will be 
terminated by measuring the current running through the 
device electrodes when a voltage that is sufficiently low 
and cannot locally destroy or deform the 

electroconductive thin film 2, or about 0.1 V, is applied 
to the device during an interval T2 of the pulse voltage. 
Typically the energization forming operation is 
terminated when a resistance greater than IM ohms is 
observed for the device current running through the 
electroconductive thin film 3 while applying a voltage of 
approximately 0.1 V to the device electrodes. 
[00691 

Reducing substances such as and CO may be used 
for the gas for promoting the cohesion of the 
electroconductive thin film 3 when it is made of a metal 
oxide. Besides and CO, gas of organic substance such 
as methane, ethane, ethylene, propylene, benzene, 
toliaene, methanol, ethanol, acetone may also be 
effectively used. These substances seem to trigger the 
cohesion of the electroconductive thin film when the 
metal oxide of the electroconductive thin film is reduced 
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to the metal. Therefore, if the electroconductive thin 
film Is made of metal. It Is not reduced and hence does 
not give rise to any cohesion. However, operates well 
to promote the cohesion, although CO and acetone do not 
show any such effect. 
[0070] 

When the energization forming process Is 
conducted In the above described atmosphere, the power 
consumption can be reduced by tens of several percents 
from the level observed when the process Is carried out 
In vacuum. This may be because, while Joule's heat Is 
generated by the electric current running through the 
device to raise the temperature of the electroconductive 
thin film 3 and consequently locally destroy, deform or 
transform part of the thin film to produce an 
electron-emitting region 2 there with the conventional 
energization forming, the local destruction, deformation 
or transformation of the electroconductive thin film Is 
caused by the substance that promotes the cohesion of the 
electroconductive thin film to consec[uently reduce the 
power consumption. 
[0071] 

The gas pressure that can advantageously promote 
the cohesion of the electroconductive thin film varies as 
a function of the type of the gas, the material of the 
electroconductive thin film 3, the waveform of the 
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applied pulse voltage and other factors. If the pressci« 
is relativ ly low, the effect of reducing the power 
consumption first becomes apparent when the energization 
forming is started by applying a pulse voltage with an 
increasing pulse height. If the pressure is high, the 
gas gives rise to the effect of providing a fissure 
having a uniform width and an additional effect of 
preventing a leak current from appearing by applying the 
pulse voltage having a constant wave height. 
[0072] 

In the case that the material of the 
electroconductive film 3 is a relatively easily reducible 
metal oxide, even if the respective electroconductive 
films of a plurality of electron -emitting devices have 
uneven resistcinces, the gas is expected to show the 
effect that unevenness of electron-emitting 
characteristics due to the uneven resistances is 
prevented. Specifically, when an electric current flows 
through the electroconductive film made of a metal oxide 
in the above atmosphere, reduction of the metal oxide 
occurs by temperature increase due to heat generation to 
reduce the resisteuice of the electroconductive film. At 
that time, when the wave height of the pulse voltage 
applied to the device is held constant, the electric 
current flowing through the electroconductive film 
increases and the heat value also increases. Even if the 
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initial resistance of the electroconductive film is 
different from device to device, since it is considered 
that the heat value when the formation of the 
electron-emitting region occurs is about the same degree 
in any device, the electron-emitting region is formed 
when the resistance of the electroconductive film 
decreases to the seime value if the pulse voltage of the 
same conditions is applied to the device. Accordingly, 
the electron-emitting region is formed under about the 
same conditions in any device, thereby unevenness of 
electron-emitting characteristics is prevented, 
[0073] 

4) Subsequently, the device is preferably 
subjected to an activation process. An activation 
process is a process by means of which the device current 
If and the emission current le are changed remarkably. 
[0074] 

In an activation process, a pulse voltage may be 
repeatedly applied to the device in an atmosphere of the 
gas of an organic substance. The atmosphere may be 
produced by utilizing the organic gas remaining in a 
vacuum chamber after evacuating the chamber by means of 
an oil diffusion pump euid a rotary pump or by 
sufficiently evacuating a vacuum chamber by means of an 
ion ptimp and thereafter introducing the gas of an organic 
substance into the vacuum chamber. The gas pressure of 
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the organic substance is determined as a function of the 
application mode of the electron-emitting device to be 
treated, the profile of the vacuum chamber, the type of 
the organic substances and other factors. Organic 
substances that can be suitably used for the purpose of 
the activation process include aliphatic hydrocarbons 
such as alkanes, alkenes and alkynes, aromatic 
hydrocarbons, alcohols, aldehydes, ketones, amines, 
organic acids such as phenols, csirboxylic acids and 
sulfonic acids . Specific exeunples include saturated 
hydrocarbons expressed by general formula Cjfi2ti*2 such as 
methane, ethane and propane, unsaturated hydrocarbons 
expressed by general formula CnHj^ such as ethylene and 
propylene, benzene, toluene, methanol, ethanol, 
formaldehyde, acetaldehyde, acetone, methyl ethyl ketone, 
methylamine, ethylamine, phenol, formic acid, acetic acid 
and propionic acid. As a result of an activation 
process, carbon or a ccurbon compound is deposited on the 
device out of the orgemic substances existing in the 
atmosphere to remarkably change the device current If and 
the emission current le. 
[00751 

When an activation process is conducted on an 
electron -emitting device in an atmosphere having an 
appropriate vapor pressure of a metal compound, the metal 
of the compound can be deposited on the device. 
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Metal compounds that can be used for the purpose of the 
invention include metal halides such as fluorides, 
chlorides, bromides and iodides, alkylmetals such as 
methylated, ethylated and benzylated metals, 
metal-diketonates such as acetylacetonates , 
dipivaloylmethanates and hexaf luoroacetylacetonates , 
metal enyl complexes such as cyclopentadienyl complexes , 
metal arene complexes such as metal benzen complexes , 
metal carbonyls, metal alkoxides and their composite 
compounds. In the present invention, examples of 
preferable compounds include NbFj, NbClj, NbCCjHs) (00)4, 
Nb{C5H5)2Cl2, OSF4, Os(C3H702)3, Os ( CO ) 5 , OS3(CO)i2, 
Os(C5H5)2, ReFj, ReClj, Re(CO)io. ReCKCOj, Re(CH3) (COg , 
Re{C5H5){CO)3, TaCCsHsXCO)^, TaCOC^Hs);, Ta(C5H5)2Cl2, 
TaCCjHsjjHa, WFe, WCCO)^, W(C5H5)2Cl2, W(C5H5)2H2 and M^iCH:,)^. 
Under certain conditions, the deposited film may contain 
carbon and other substances in addition to the metal. 
[0076] 

The time of terminating the activation process is 
determined appropriately by observing the device current 
If and the emission current le. The pulse width, the 
pulse interval and the pulse wave height of the pulse 
voltage to be used for the activation process will be 
appropriately selected. 
[0077] 

For the purpose of the invention, carbon and 
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carbon compounds include graphite (namely HOPG, PG and 
GC, of which HOPG has a substantially perfect graphite 
crystalline structure and PG has a somewhat distorted 
crystalline structure with an average crystal grain size 
of 20 nm, while the crystalline structure of GC is 
further distorted with an average crystal grain size as 
small as 2 nm) , noncrystalline carbon (refers to 
amorphous carbon and a mixture of amorphous carbon and 
fine crystal grains of graphite) and hydrocarbons 
(compounds expressed by general formula and also 

compounds containing other element such as N, O and CI in 
addition to C and H), and the thickness of the deposited 
film is preferably less than 50 nanometers, more 
preferably less than 30 nm, 
[0078] 

5) An electron-emitting device that has been 
treated in an energization forming process and an 
activation process is then preferably subjected to a 
stabilization process. This is a process for removing 
emy organic substances remaining in the vacuum chamber. 
The pressure in the vacuum chamber needs to be made as 
low as possible and it is preferably lower than 
1.3x10"^ Pa and more preferably lower than 1.3x10"* Pa. 
The vacuuming and exhausting equipment to be used for 
this process preferably does not involve the use of oil 
so that it may not produce any evaporated oil that can 
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adversely affect the performance of the treated device 
during the process. Thus, the use of a sorption pump and 
an Ion pump may be a preferable choice. For evacuating 
the vacuum chamber, the entire chamber Is preferably 
heated to make It easy to remove the molecules of the 
organic substances adsorbed by the Inner wall of the 
vacuum chamber and the electron-emitting device. 
[0079] 

After the stabilization process, the atmosphere 
for driving the electron-emitting device Is preferably 
s£Lme as the one when the stabilization process Is 
completed, although a higher pressure may alternatively 
be used without damaging the stability of operation of 
the electron-emitting device or the electron source If 
the organic substeinces or metal compounds In the chamber 
euoe sufficiently removed. 
[0080] 

By using such a low pressure atmosphere, the 
formation of any additional deposit of carbon, a carbon 
compound, metal or a metal compound can be effectively 
suppressed to consequently stabilize the device current 
If and the emission current le. 
[0081] 

An electron-emitting device according to the 
Invention may be prepared in a different way as will be 
described below. 
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[0082] 

Steps 1) and 2) described above will be followed. 

[0083] 

3) In this example, voltage waveform shown in 
(a) or (b) of Fig. 4 is used for energization forming. 
[0084] 

The wave height (pealc value) of the pulse voltage 
is, for example, increased at a rate of, for instance, 
0.1 V per step until it gets to Vh, when the 
electroconductive thin film 3 reduces its resistance or 
starts cohering. Thereafter, the wave height of Vh is 
maintained for a predetermined period of time Th, which 
may be several seconds to tens of several minutes. If Vh 
has been accurately determined, the wave height of the 
pulse voltage may be set to Vh from the very beginning 
and maintained to that level for a predetermined period 
of time. 
[0085] 

A region of discontinued film of fine particles 
is produced from part of the electroconductive thin film 
when the applied voltage is held to Vh for a 
predetermined period of time of Th because the substance 
of the electroconductive thin film is made to gradually 
cohere by the applied voltage. During this period, the 
resistance between the device electrodes 4, 5 including 
the electroconductive thin film 3 rises until a 
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sufficiently high level, when the energization forming 
process Is terminated. If the resistance does not rise 
sufficiently during the period Th, the pulse width of the 
voltage being applied to the device may be Increased to 
raise the resistance of the device before terminating the 
energization forming ((a) of Fig. 4). Otherwise, the 
wave height of the pulse voltage may be raised further to 
raise the resistance of the device before teirmlnatlng the 
energization forming ((b) of Fig. 4). Alternatively, the 
technique of Increasing the pulse width and that of 
Increasing the wave height may be used at the same time. 
As a result of this energization forming process, a 
fissure with a width not greater than 50 nm Is formed In 
part of the electroconductlve thin film 3 to produce an 
electron-emitting region 2. These will be further 
described. 
[0086] 

In the case that the method gradually Increasing 
the wave height of the pulse voltage described In the 
above Japanese Patent Application No. 6-141670 Is applied 
to the energization forming process of the device having 
an electroconductlve film made of PdO fine particles In 
vacuum, the resistance of the device cheuiges as 
schematically shown in Fig. 24 as the wave height of the 
pulse voltage Increases, and the energization forming 
process is completed when the wave height reaches Vfom- 
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Namely, by applying a pulse voltage between the device 
electrodes to flow the electric current through the 
electroconductive film, heat generates and the 
temperature of the electroconductive film increases . 
When the heat value is large, part of the 
electroconductive film deforms and transforms at once so 
that the resistance of the electroconductive film becomes 
large. On the other hand, when the heat value is not so 
large, the material of the electroconductive film coheres 
gradually. When the material of the electroconductive 
film is a metal oxide relatively easily reduced similar 
to PdO, the metal oxide is simultaneously reduced. 
[0087] 

In Fig. 24, after the pulse wave height exceeds 
Vg, the resistance of the device decreases once and then 
increases. It is considered that this phenomenon occurs 
by competition of the decrease of the resistance by 
reduction of the electroconductive film with the effect 
of increase of the resistance due to cut of the current 
path by cohesion of the electroconductive film. When the 
electroconductive film is formed from metal, the decrease 
of the resistance is smaller than that of the metal 
oxide, similar behavior is observed. In this case, a 
main cause of the resistance decrease is not clear, but 
it is assumed by the decrease of the contact resistance 
b tween metal fine particles or metal crystal grains 
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constituting the electroconductive film. In any case, 
when the pulse wave height exceeds Vg, it is considered 
that the material of the electroconductive film begins to 
cohere, Vg itself is depend upon the pulse width and the 
pulse interval of the pulse voltage applied and the 
resistance and the material of the electroconductive 
film, 
[0088] 

In the present invention, at which the 
electroconductive film 3 begins to decrease its 
resistance or cohere is a voltage sufficiently larger 
than Vg and sufficiently smaller than Vfoxm* 
[0089] 

In the present invention, for the pulse voltage 
waveforms for energization forming shown in Fig. 4, the 
pulse width Tl is typically between 1 psec and 10 pmsec 
and the pulse width T2 is typically between 100 \xsec and 
several seconds, while Tl' is typically between 10 |isec 
and 1 sec and Vh is appropriately determined as a 
function of the material and contour of the 
electroconductive thin film 3 and the values of Tl and 
T2, although they eure held to respective values that are 
several times of one- tenth of a percent to tens of 
several percents lower than the corresponding values 
selected for the forming voltage V^om ^ conventional 
energization forming process that is monotonically 
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Increased to bring forth an abrupt rise of the resistance 
of the device* A sufficiently large value has to be 
selected for the pulse interval T2 relative to the pulse 
width Tl so that their ratio may satisfy expression 
T2/T1 i 5, preferably T2/T1 i 10 and more preferably 
T2/T1 i 100. Note that, for the purpose of the 
invention, a triangular waveform may be used in place of 
the illustrated rectanguleu: waveform, although care 
should be taken for the selection of a value for Vh 
because it is affected not only by the values of Tl and 
T2 but also by the waveform of the applied pulse voltage, 
[0090] 

The above described energization forming process 
may be conducted in an atmosphere containing gas that 
promotes the cohesion of the electroconductive thin film. 
[00911 

Then, activation and stabilization steps follows 
as in the case of steps 4) and 5) described above. 
[0092] 

The basic characteristics of the 
electron-emitting device according to the present 
invention thus prepeored will be described with referring 
to Figs. 5 and 6. 
[0093] 

Fig. 5 is a schematic bloclc diagram of an 
arrangement comprising a vacuum chamber that can be us d 
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as a gauging system for determining the performance of an 
electron-emitting device of the type under consideration. 
Also, in Fig. 5, components that are same as those of 
Fig . 1 are denoted by the same reference numerals . 
[0094] 

The gauging system includes a vacuum chamber 55 
and a vacuum pump 56. An electron-emitting device is 
placed in the vacuum chamber 55. Otherwise, the gauging 
system has a power source 51 for applying a device 
voltage Vf to the device, an ammeter 50 for metering the 
device current If running through the electroconductive 
film 3 between the device electrodes 4 and 5, an anode 54 
for capturing the emission current le produced by 
electrons emitted from the electron-emitting region of 
the device, a high voltage source 53 for applying a 
voltage to the anode 54 of the gauging system and another 
ammeter 52 for metering the emission current le produced 
by electrons emitted from the electron-emitting region 2 
of the device. For determining the performance of the 
electron-emitting device, a voltage between 1 and 10 KV 
may be applied to the anode 54, which is spaced apart 
from the electron emitting device by distance H which is 
between 2 and 8 mm. 
[0095] 

The vacuum chamber is equipped with a vacuum 
gauge (not shown) and other necessary Instruments so that 
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the performance of the electron-emitting device in the 
chamber may be properly tested in vacuum of a desired 
degree . 
[00961 

The vacuum pump 56 may be provided with an 
ordinary high vacuum system comprising a turbo pump or a 
rotary pump and an ultra-high vacuum system comprising ai 
ion pump which can be used switchably as desired. The 
entire vacuum chamber 55 and the substrate of an 
electron-emitting device contained therein can be heated 
by means of a heater (not shown). Thus, this vacuum 
processing arrangement can be used for an energization 
forming process and the subsequent processes. 
[0097] 

Fig. 6 shows a graph schematically illustrating 
the relationship between the device voltage Vf and the 
emission current le and the device current If typically 
observed by the gauging system of Fig. 5. Note that 
different units are arbitrarily selected for le and If in 
Fig. 6 in view of the fact that le has a magnitude by far 
smaller than that of If. Note that both the vertical and 
transversal axes of the graph represent a linear scale. 
[0098] 

As seen in Fig. 6, an electron-emitting device 
according to the invention has three remarkable features 
in terms of emission current le, which will be described 
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below. 
[0099] 

Firstly, an electron-emitting device according to 
the invention shows a sudden and sharp increase in the 
emission current le when the voltage applied thereto 
exceeds a certain level (which is referred to as a 
threshold voltage hereinafter and indicated by Vth in 
Fig. 6), whereas the emission current le is practically 
undetectable when the applied voltage is found lower than 
the threshold value Vth. Differently stated, an 
electron -emitting device according to the invention is a 
non- linear device having a clear threshold voltage Vth to 
the emission current le. 
[0100] 

Secondly, since the emission current le is 
increases monotonically as highly dependent on the device 
voltage Vf , the former can be effectively controlled by 
way of the latter. 
[0101] 

Thirdly, the emitted electric charge captured by 
the anode 54 (Fig. 5) is a function of the duration of 
time of application of the device voltage Vf . In other 
words, the amount of electric charge captured by the 
anode 54 can be effectively controlled by way of the time 
during which the device voltage Vf is applied. 
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[01021 

Because of the above remarkable features, it will 
be understood that the electron-emitting behavior of an 
electron source comprising a plurality of 
electron-emitting devices according to the invention and 
hence that of an image-forming apparatus incorporating 
such an electron source can easily be controlled in 
response to the input signal. Thus, such an electron 
source and an image-forming apparatus may find a variety 
of applications. 
[0103] 

On the other hMd, the device current If either 
monotonically increases relative to the device voltage Vf 
(as shown in Fig, 6, a cheiracteristic referred to as "MI 
characteristic" hereinafter) or changes to show a curve 
(not shown) specific to a 

voltage-controlled-negative-resistance ch£u:acteristic ( a 
characteristic referred to as "VCNR characteristic" 
hereinafter, although it Is not illustrated). These 
characteristics of the device current are controlled by 
controlling the processes mentioned above. 
[0104] 

Now, some examples of the usage of 
electron-emitting devices, to which the present invention 
is applicable, will be described. According to the 
invention, an electron source and hence an image-forming 
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apparatus comprising such an electron source can be 
realized by arranging a plurality of electron-emitting 
devices according to the above described aspect of the 
present Invention. 
[0105] 

Electron -emit ting devices may be arranged on a 
substrate In a number of different modes. For Instance, 
a number of electron-emitting devices may be arranged In 
parallel rows along a direction (hereinafter referred to 
row-dlrectlon) , each device being connected by wires as 
at opposite ends thereof, and driven to operate by 
control electrodes (hereinafter referred to as grids) 
arrsmged In a space above the electron-emitting devices 
along a direction perpendlculeu: to the row direction 
(hereinafter referred to as column-direction) to realize 
a ladder-like eorreingement . Alternatively, a plurality of 
electron-emitting devices may be arranged In rows along 
an X-dlrectlon €Uid columns along a Y-dlrectlon to form a 
matrix, the X- and Y- directions being perpendicular to 
each other, and the electron-emitting devices on a same 
row are connected to a common X-dlrectlonal wire by way 
of one of the electrodes of each device while the 
electron-emitting devices on a same column are connected 
to a common Y-dlrectional wire by way of the other 
electrode of each device. The latter arrangement Is 
referred to as a simple matrix arrangement. Now, the 
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simple matrix arrangement will be described In detail. 
[0106] 

In view of the above described three basic 
characteristic features of a surface conduction 
electron-emitting device, to which the Invention Is 
applicable. It can be controlled for electron emission by 
controlling the wave height and the wave width of the 
pulse voltage applied to the opposite electrodes of the 
device above the threshold voltage level. On the other 
hand, the device does not practically emit any electron 
below the threshold voltage level. Therefore, regardless 
of the number of electron-emitting devices arranged In an 
apparatus, desired surface conduction electron-emitting 
devices can be selected and controlled for electron 
emission In response to an Input signal by applying a 
pulse voltage to each of the selected devices. 
[0107] 

Fig. 7 Is a schematic plan view of the substrate 
of an electron source realized by arranging a plurality 
of electron-emitting devices, to which the present 
Invention Is applicable. In order to exploit the above 
characteristic features. In Fig. 7, the electron source 
comprises an electron source substrate 71, X-dlrectional 
wires 72, Y-directional wires 73, surface conduction 
electron-emitting devices 74 and connecting wires 75. 
The surface conduction electron- mitting devic s may be 
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either of the flat type or of the step type described 

earlier. 

[0108] 

There are provided a total of m X- directional 

wires 72, which are donated by Dxl, Dx2 Dxm and 

made of an electroconductlve metal produced by vacuum 
deposition, printing or sputtering. These wires are 
appropriately designed In terms of material, thickness 
and width. A total of n Y-dlrectlonal wires 73 are 
arranged and donated by Dyl, Dy2, Dyn, which are 

similar to the X-dlrectlonal wires 72 In terms of 
material, thickness and width. An Interlayer Insulation 
layer (not shown) Is disposed between the m X-dlrectlonal 
wires 72 and the n Y-dlrectlonal wires 73 to electrically 
Isolate them from each other. (Both m and n are 
Integers . ) 
[0109] 

The Interlayer Insulation layer (not shown) Is 
typically made of SlOj and formed on the entire surface or 
part of the surface of the Insulating substrate 71 to 
show a desired contour by means of vacuum deposition, 
printing or sputtering. For example. It may be formed on 
the entire surface or part of the surface of the 
substrate 71 on which the X-dlrectlonal wires 72 have 
been formed* The thickness, material and manufacturing 
method of the Interlayer Insulation layer are so selected 
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as to make it withstand the potential difference between 
any of the X-dlrectional wires 72 and any of the 
Y-directlonal wire 73 observable at the crossing thereof. 
Each of the X-directional wires 72 and the Y-directional 
wires 73 is drawn out to form an external terminal. 
[0110] 

The oppositely arranged paired electrodes (not 
shown) of each of the surface conduction 

electron-emitting devices 74 are connected to related one 
of the m X-directional wires 72 and related one of the n 
y-directional wires 73 by respective connecting wires 75 
which are made of an electroconductive metal. 
[0111] 

The electroconductive metal material of the wires 
72 and 73. the device electrodes and the connecting wires 
75 extending from the wires 72 and 73 may be same or 
contain a common element as an ingredient. 
Alternatively, they may be different from each other. 
These materials may be appropriately selected typically 
from the candidate materials listed above for the device 
electrodes. If the device electrodes and the connecting 
wires are made of a same material, they may be 
collectively called device electrodes without 
discriminating the connecting wires. 
t0112J 

The X-directional wires 72 are electrically 
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connected to a scan signal application means (not shown) 
for applying a scan signal to a selected row of surface 
conduction electron-emitting devices 74. On the other 
hand, the Y-directional wires 73 are electrically 
connected to a modulation signal generation means (not 
shown) for applying a modulation signal to a selected 
column of surface conduction electron-emitting devices 74 
and modulating the selected column according to an input 
signal. Note that the drive signal to be applied to each 
surface conduction electron-emitting device is expressed 
as the voltage difference of the scan signal and the 
modulation signal applied to the device. 
[0113] 

With the above arrangement, each of the devices 
can be selected and driven to operate independently by 
means of a simple matrix wire arrangement. 
[0114] 

Now, an image -forming apparatus comprising an 
electron source having a simple matrix arrangement as 
described above will be described by referring to Figs. 
8, 9 and 10. Fig. 8 is a partially cut away schematic 
perspective view of the image forming apparatus and (a) 
and (b) of Fig. 9 show two possible configurations of a 
fluorescent film that can be used for the image forming 
apparatus of Fig. 8, whereas Fig. 10 is a block diagram 
of a drive circuit for the image forming apparatus of 
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Fig. 8 that operates for NTSC television signals. 
[0115] 

Referring firstly to Fig. 8 Illustrating the 
basic configuration of the display panel of the 
image -forming apparatus, it comprises an electron source 
substrate 71 of the above described type carrying thereon 
a plurality of electron-emitting devices, a rear plate 81 
rigidly holding the electron source substrate 71, a face 
plate 86 prepared by laying a fluorescent film 84 and a 
metal back 85 on the inner surface of a glass substrate 
83 and a support frame 82, to which the reao: plate 81 and 
the face plate 86 are bonded by means of frit glass. 
Reference numeral 88 denotes an envelope, which is bciked 
to 400 to 500 •€ for more than 10 minutes in the 
atmosphere or in nitrogen and hermetically and airtightly 
sealed. 
[0116] 

Reference numeral 74 denotes the surface 
conduction electron-emitting device as shown in Fig. 1 
and reference nximerals 72 and 73 respectively denotes the 
X-dlrectlonal wire and the Y-directional wire connected 
to the respective device electrodes of each 
electron-emitting device. 
[0117] 

While the envelope 88 is formed of the face plate 
86, the support frame 82 and the rear plate 81 in the 
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above described embodiment, the rear plate 81 may be 
omitted if the substrate 71 is strong enough by itself 
because the rear plate 81 is provided mainly for 
reinforcing the substrate 71. If such is the case, an 
independent rear plate 81 may not be required and the 
substrate 71 may be directly bonded to the support frame 
82 so that the envelope 88 is constituted of a face plate 
86, a support frame 82 and a substrate 71. The overall 
strength of the envelope 88 may be increased by arranging 
a number of support members called spacers (not shown) 
between the face plate 86 and the rear plate 81. 
[0118] 

(a) and (b) of Fig. 9 schematically illustrate 
two possible arrangements of fluorescent film. While the 
fluorescent film 84 comprises only a single fluorescent 
substance if the display panel is used for showing black 
and white pictures, it needs to comprise for displaying 
color pictures black conductive members 91 and 
fluorescent substances 92, of which the former are 
referred to as black stripes or members of a black matrix 
depending on the arrangement of the fluorescent 
substances. Black stripes or members of a black matrix 
are arranged for a color display panel so that the 
fluorescent substances 89 of three different primary 
colors are made less discriminable and the adverse effect 
of reducing the contrast of displayed images of external 
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light Is w akened by blackening the surrounding areas. 
While graphite Is normally used as a principal Ingredient 
of the black stripes, other conductive material having 
low light transmlsslvlty and reflectivity may 
alternatively be used. 
[0119] 

A precipitation or printing technique Is suitably 
be used for applying a fluorescent material on the glass 
substrate 83 regardless of black and white or color 
display. An ordinary metal back 85 is arranged on the 
inner surface of the fluorescent film 84. The metal back 
85 is provided in order to enhance the luminance of the 
display panel by causing the rays of light emitted from 
the fluorescent substances and directed to the inside of 
the envelope to turn back toward the face plate 86, to 
use it as an electrode for applying an accelerating 
voltage to electron beams and to protect the fluorescent 
substances against damages that may be caused when 
negative ions generated inside the envelope collide with 
them. It is prepared by smoothing the inner surface of 
the fluorescent film (in an operation normally called 
■filming") and forming an Al film thereon by vacuum 
deposition after forming the fluorescent film. 
[0120] 

A transparent electrode (not shown) may be formed 
on the face plate 86 facing the outer surface of the 
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fluorescent film 84 in order to raise the conductivity of 

the fluorescent film 84, 

[0121] 

Care should be tciken to accurately align each set 
of color fluorescent substances and an electron-emitting 
device, if a color display is involved, before the above 
listed components of the envelope are bonded together. 
[0122] 

After the envelope 88 is bonded together and 
hermetically sealed, the electron-emitting devices are 
subjected to an energization forming process. After 
satisfactorily evacuating the envelope by means of a 
vacuum apparatus, a desired gas is, if necessary, fed 
into the envelope and a pulse voltage is applied to all 
the electron-emitting devices of a selected device row. 
The values for the pulse width Tl, the pulse interval T2 
and the wave height are to be selected appropriately as 
in the case of an energization forming process to be 
conducted on an individual electron-emitting device. 
The pulse voltage may be applied to the electron-emitting 
devices of a selected row and, after completing the 
energization forming process on the electron-emitting 
devices of that row, the devices of the selected next row 
may be subjected to energization forming on a row by row 
basis. Alternatively, a device row selection means may 
be arrangred between the pulse gen rat or and the electron 
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source so that a plurality of device rows may be 
simultaneously subjected to an energization forming 
process by switching from row to row for each pulse. 
Since the pulse interval T2 is considerably longer than 
the pulse width Tl, the latter technique may be 
advantageously used to greatly reduce the overall time 
necessary for the energization forming process. Note 
that, with the latter technique, all the device rows of 
the electron source may be treated simultaneously or, 
alternatively, the device rows may be divided into a 
number of blocks and the devices of the device rows of 
each block may be treated simultaneously. Either of the 
techniques may be appropriately selected depending on the 
size of the electron source, the shape of the pulse and 
other factors. 
[0123] 

If the electroconductive thin film is made of a 
metal oxide that can be easily chemically reduced and the 
energization forming process is conducted in an 
atmosphere containing a gas that promotes the cohesion of 
the electroconductive film such as Hj, the above cited 
second technique is particularly effective. Namely, in 
such an atmosphere, the chemical reduction of the metal 
oxide constituting the electroconductive film may proceed 
slowly even when an electric current does not flow 
therethrough to generate heat. If such is the case and 



- 61 - 



the energization forming process Is conducted on a row by 
row basis, the resistance of the electroconductlve thin 
film of the electron-emitting devices belonging to a row 
that is treated after a preceding row can be reduced 
remarkably because the chemical reduction proceeds 
slowly, while the preceding row is receiving an 
energization forming operation so that the devices may be 
subjected to differentiated energization forming 
conditions to consequently make the devices show varied 
electron-emitting performances • Contreury to this, the 
above technique of switching from row to row for every 
pulse can avoid such a problem because all the device 
rows are treated substantially simultaneously. 
[0124] 

The envelope 88 is evacuated by way of an 
evacuating system using no oil comprising e.g. an ion 
pump and a sorption pump and an exhaust pipe (not shown) 
until the atmosphere in the Inside is reduced to a degree 
of vacuum of 10'* Pa containing organic substances to a 
very low concentration, when it is hermetically sealed, 
while being heated appropriately as in the case of the 
above described stabilization process. A getter process 
may be conducted in order to maintain the achieved degree 
of vacuum in the Inside of the envelope 88 after it is 
sealed. In a getter process, a getter arranged at a 
predetermined position (not shown) in th nvelope 88 is 
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heated by means of a resistance heater or a high 
frequency heater to form a film by vapor deposition 
immediately before or after the envelope 88 is sealed. 
A getter typically contains Ba as a principal ingredient 
and can maintain a degree of vacuum between 1.3x10"^ Pa 
and 1.3x10'^ Pa by the adsorption effect of the vapor 
deposition film. The processes of manufacturing surface 
conduction electron- emitting devices of the image forming 
apparatus after the forming process may appropriately be 
designed to meet the specific requirements of the 
intended application* 
[0125] 

Now, a drive circuits for driving a display panel 
comprising an electron source with a simple matrix 
arrangement for displaying television images according to 
NTSC television signals will be described by referring to 
Fig. 10. In Fig. 10, reference numeral 101 denotes an 
image display panel. Otherwise, the circuit comprises a 
sceui circuit 102, a control circuit 103, a shift register 
104, a line memory 105, a synchronizing signal sepeoration 
circuit 106 and a modulation signal generator 107. Vx 
and Va in Fig. 10 denote DC voltage sources. 
[0126] 

The image display pemel 101 is connected to 
external circuits via terminals Doxl through Doxm, Doyl 
through Doym and high voltage terminal Hv, of which 
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terminals Doxl through Doxm are designed to receive scan 
signals for sequentially driving on a one-by-one basis 
the rows (of n devices) of an electron source In the 
apparatus comprising a number of surface conduction 
electron -emitting devices arranged In the form of a 
matrix having m rows and n columns. On the other hand, 
terminals Doyl through Doyn are designed to receive a 
modulation signal for controlling the output electron 
beam of each of the surface conduction electron- emitting 
devices of a row selected by a scan signal. High voltage 
terminal Hv Is fed by the DC voltage source Va with a DC 
voltage of a level typically around 10 kV, which Is 
sufficiently high to energize the fluorescent substances 
of the selected surface-conduction type electron-emitting 
devices . 
[0127] 

The scan circuit 102 operates In a manner as 
follows. The circuit comprises m switching devices (of 
which only devices SI and Sm €ire specifically Indicated 
in Fig. 10), each of which takes either the output 
voltage of the DC voltage source Vx or 0 [VI (the ground 
potential level) and comes to be connected with one of 
the terminals Doxl through Doxm of the display panel 101. 
Each of the switching devices SI through Sm operates in 
accordance with control signal Tscsm fed from the control 
circuit 103 and can be prepared by combihing transistors 
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such as FETs. 
[0128] 

The DC voltage source Vx of this circuit is 
designed to output a constant voltage such that any drive 
voltage applied to devices that cire not being scanned is 
reduced to less than threshold voltage due to the 
performance of the surface conduction electron-emitting 
devices (or the threshold voltage for electron emission). 
[0129] 

The control circuit 103 coordinates the 
operations of related components so that images may be 
appropriately displayed in accordance with externally fed 
video signals. It generates control signals Tscan, Tsft 
and Tmry in response to synchronizing signal Tsync fed 
from the synchronizing signal sepeiration circuit 106, 
which will be described below. 
[0130] 

The synctxronizing signal separation circuit 106 
separates the synchronizing signal component and the 
luminance signal component from an externally fed NTSC 
television signal and can be easily realized using a 
populeurly Icnown frequency separation (filter) circuit. 
Although a synchronizing signal extracted from a 
television signal by the synchronizing signal separation 
circuit 106 is constituted, as well Icnown, of a vertical 
synchronizing signal and a horizontal synchronizing 
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signal. It Is simply designated as Tsync signal here for 
convenience sake, disregarding Its component signals. 
On the other hand, a luminance signal drawn from a 
television signal, which Is fed to the shift register 
104, Is designed as DATA signal. 
[0131] 

The shift register 104 carries out for each line 
a serial/parallel conversion on DATA signals that are 
serially fed on a time series basis In accordance with 
control signal Tsft fed from the control circuit 103. 
(In other words, a control signal Tsft operates as a 
shift clock for the shift register 104.) A set of data 
for a line that have undergone a serial/parallel 
conversion (and correspond to a set of drive data for n 
electron-emitting devices) are sent out of the shift 
register 104 as N parallel signals Idl through Idn. 
[0132] 

The line memory 105 Is a memory for storing a set 
of data for a line, which are signals Idl through Idn, 
for a required period of time according to control signal 
Tmry coming from the control circuit 103. The stored 
data are sent out as I*dl through I'dn and fed to 
modulation signal generator 107. 
[0133] 

Said modulation signal generator 107 Is In fact a 
signal source that appropriately drives and modulates the 
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operation of each of the surface conduction 
electron-emitting devices according to image data I'dl 
through I'dn and output signals of this device are fed to 
the surface conduction electron -emitting devices in the 
display panel 101 via terminals Doyl through Doyn. 
[0134] 

As described above, an electron- emitting device, 
to which the present invention is applicable, is 
chsoracterized by the following features in terms of 
emission current le. Firstly, there exists a clear 
threshold voltage Vth and the device emit electrons only 
a voltage exceeding Vth is applied thereto. Secondly, 
the level of emission current le changes as a function of 
the change in the applied voltage above the threshold 
level Vth. More specifically, when a pulse- shaped 
voltage is applied to an electron-emitting device 
according to the invention, practically no emission 
current is generated so far as the applied voltage 
remains under the threshold level, whereas an electron 
beam Is emitted once the applied voltage rises above the 
threshold level. It should be noted here that the 
intensity of an output electron beam can be controlled by 
changing the peak level Vm of the pulse- shaped voltage. 
Additionally, the total amount of electric charge of an 
electron beam can be controlled by varying the pulse 
width Pw. 
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[0135] 

Thus, either voltage modulation method or pulse 
width modulation method may be used for modulating an 
electron-emitting device in response to an input signal. 
With voltage modulation, a voltage modulation type 
circuit is used for the modulation signal generator 107 
so that the peak level of the pulse shaped voltage is 
modulated according to input data, while the pulse width 
is held constant. With pulse width modulation, on the 
other hand, a pulse width modulation type circuit is used 
for the modulation signal generator 107 so that the pulse 
width of the applied voltage may be modulated according 
to input data, while the peak level of the applied 
voltage is held constant - 
[0136] 

Although it is not particularly mentioned above, 
the shift register 104 and the line memory 105 may be 
either of digital or of analog signal type so long as 
serial /parallel conversions and storage of video signals 
are conducted at a given rate. 
[0137] 

If digital signal type devices are used, output 
signal DATA of the synchronizing signal sepeuration 
circuit 106 needs to be digitized. However, such 
conversion can be easily carried out by arranging an A/D 
converter at the output of the synchronizing signal 
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separation circuit 106. It may be needless to say that 
different circuits may be used for the modulation signal 
generator 107 depending on if output signals of the line 
memory 105 are digital signals or analog signals. If 
digital signals are used, a D/A converter circuit of a 
known type may be used for the modulation signal 
generator 107 and an amplifier circuit may additionally 
be used, if necessary. As for pulse width modulation, 
the modulation signal generator 107 cem be realized by 
using a circuit that combines a high speed oscillator, a 
counter for counting the number of waves generated by 
said oscillator and a comparator for comparing the output 
of the counter and that of the memory. If necessary, an 
amplifier may be added to amplify the voltage of the 
output signal of the comparator having a modulated pulse 
width to the level of the drive voltage of a 
surface-conduction type electron-emitting device 
according to the invention. 
[0138] 

If, on the other hand, analog signals are used 
with voltage modulation, an amplifier circuit comprising 
a known operational amplifier may suitably be used for 
the modulation signal generator 107 euid a level shift 
circuit may be added thereto if necessary. As for pulse 
width modulation, a known voltage control type 
oscillation circuit (VCO) may be used with, if necessary. 
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an additional amplifier to be used for voltage 
amplification up to the drive voltage of surface 
conduction electron-emitting device. 
[0139] 

With an image forming apparatus having a 
configuration as described above, to which the present 
invention is applicable, the electron-emitting devices 
emit electrons as a voltage is applied thereto by way of 
the external terminals Doxl through Doxm and Doyl through 
Doyn. Then, the generated electron beams are accelerated 
by applying a high voltage to the metal back 85 or a 
transparent electrode (not shown) by way of the high 
voltage terminal Hv. The accelerated electrons 
eventually collide with the fluorescent film 84, which by 
turn glows to produce images. 
[0140] 

The above described configuration of image 
forming apparatus is only an example to which the present 
invention is applicable and may be subjected to various 
modifications. The TV signal system to be used with such 
an apparatus is not limited to a particular one and any 
system such as NTSC, PAL or SECAM may feasibly be used 
with it. It is particularly suited for TV signals 
involving a larger number of scanning lines (typically of 
a high definition TV system such as the MUSE system) 
because it can be used for a large display panel 
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comprising a large number of pixels. 
[0141] 

Now, an electron source comprising a plurality of 
surface conduction electron-emitting devices arranged in 
a ladder- like manner on a substrate and an image -forming 
apparatus comprising such an electron source will be 
described by referring to Figs. 11 and 12. 
[0142] 

Firstly referring to Fig. 11 schematically 
showing an electron source having a ladder -like 
arrangement, reference numeral 110 denotes an electron 
source substrate and reference numeral 111 denotes an 
surface conduction electron-emitting device arranged on 
the substrate, whereas reference numeral 112 denotes 
(X-directional) wires Dxl through DxlO for connecting the 
surface conduction electron- emitting devices 111. The 
electron-emitting devices 111 are arranged in rows (to be 
referred to as device rows hereinafter) on the substrate 
110 to form an electron source comprising a plurality of 
device rows, each row having a plurality of devices in 
the X-direction. The surface conduction 
electron-emitting devices of each device row are 
electrically connected in parallel with each other by a 
pair of common wires so that they can be driven 
independently by applying an appropriate drive voltage to 
th pair of common wires. More specifically, a voltage 
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exceeding the electron emission threshold level Is 
applied to the device rows to be driven to emit 
electrons, whereas a voltage below the electron emission 
threshold level Is applied to the remaining device rows . 
Alternatively, of the common wires D2 through D9 arranged 
between each device rows, for example D2 and D3, D4 and 
D5 , D6 and D7 and D8 and D9 can share a single common 
wire. 
[01431 

Fig. 12 Is a schematic perspective view of the 
display panel of an Image -forming apparatus Incorporating 
an electron source having a ladder- like arrangement of 
electron-emitting devices. In Fig. 12, the display panel 
comprises grid electrodes 120, each provided with a 
number of bores 121 for allowing electrons to pass 
therethrough and a set of external terminals 122, or Dl, 
D2, Dm, along with another set of external terminals 

123, or Gl, G2, Gn, connected to the respective grid 

electrodes 120 and an electron source substrate 110. In 
Fig. 12, components that are same as those of Figs. 8 and 
11 cure denoted by the same reference numerals. The Image 
fomilng apparatus of Fig. 12 differs from the Image 
forming apparatus with a simple matrix arrangement of 
Fig. 8 mainly in that the apparatus of Fig. 12 has grid 
electrodes 120 eirranged between the electron source 
substrate 110 and the face plate 86. 
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[0144] 

In Fig, 12, the stripe- shaped grid electrodes 120 
are arranged between the substrate 100 and the face plate 
86 perpendicularly relative to the ladder- like device 
rows for modulating electron beams emitted from the 
surface conduction electron-emitting devices, each 
provided with through bores 121 in correspondence to 
respective electron -emitting devices for allowing 
electron beams to pass therethrough. Note that, however, 
while stripe-shaped grid electrodes are shown in Fig. 12, 
the profile and the locations of the electrodes are not 
limited thereto. For example, they may alternatively be 
provided with mesh- like openings and arranged around or 
close to the surface conduction electron- emitting 
devices . 
[0145] 

The external terminals Dl through Dm and the 
external terminals Gl through Gn for grids are 
electrically connected to a control circuit (not shown) • 
[0146] 

An image -forming appsiratus having a configuration 
as described above can be operated for electron beam 
irradiation by simultemeously applying modulation signals 
to the rows of grid electrodes for a single line of an 
image in synchronism with the operation of driving 
(scanning) the electron-emitting devices on a row by row 
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basis so that the image can be displayed on a line by 

line basis. 

[0147] 

Thus, an image-forming apparatus according to the 
invention and having a configuration as described above 
can have a wide variety of industrial and commercial 
applications because it can operate as a display 
apparatus for television broadcasting, as a terminal 
apparatus for video teleconferencing, as an editing 
apparatus for still and movie pictures, as a terminal 
apparatus for a computer system, as an optical printer 
comprising a photosensitive drvrni and in many other ways. 
10148] 

[ Embodiments ] 

Now, the present invention will be described by 
way of examples. However, it should be noted that the 
present invention is not limited thereto and they eire 
subject to changes and modifications without departing 
from the scope of the invention. 
[0149] 

[Examples 1-2, Comparative Example 1] 

(a) cmd (b) of Fig. 1 schematically illustrate 
surface conduction electron- emitting devices prepared in 
these examples. 
[0150] 

The process employed for manufacturing each of 
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the electron-emitting devices will be described by 

referring to Fig. 3. 

[0151] 

Step-a: 

In each example, after thoroughly cleansing a 
soda lime glass plate, a silicon oxide film was formed 
thereon to a thickness of 0.5 pm by sputtering to produce 
a substrate 1, on which a photoresist (RD-2000N-41 : 
available from Hitachi Chemical Co., Ltd.) was coated and 
baked to form a photoresist layer. Thereafter, the 
photoresist layer was patterned by the photolithography 
technique to form a photoresist mask having an opening 
corresponding to the profile of a pair of device 
electrodes 4 and 5 . 
[0152] 

Then, a Ti film and an Ni film were sequentially 
formed to respective thicknesses of 5 nm and 100 nm by 
vacuum deposition. Thereafter, the photoresist was 
dissolved by an orgsmic solvent and the Ni/Ti film was 
lifted off to produce a pair of device electrodes 4 and 
5. The device electrodes was separated by a distance L 
of 10 pm and had a length Wl of 300 pm. ((a) of Fig. 3). 
[0153] 
Step-b: 

To produce an elect roconductlve thin film 3 , a 
mask of Cr film was formed on the device to a thickness 
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of 100 run by vacuum deposition and then an opening 
corresponding to the pattern of an electroconductive 
film 3 was formed by photolithography. Thereafter, an 
organic Pd solution (ccp4230: available from Okuno 
Pharmaceutical Co., Ltd.) was applied to the Cr film by 
means of a spinner and baked at 300 • C for 10 minutes in 
the atmosphere. 
[0154] 
Step-c: 

The Cr mask was removed by wet -etching and the 
PdO fine particle film was lifted off to obtain an 
electroconductive thin film 3 having a desired profile. 
((b) of Fig. 3). 
[0155] 
Step-d: 

The above described device was placed in the 
vacuum chamber 55 of a gauging system as illustrated in 
Fig. 5 and the vacuum chamber 55 of the system was 
evacuated by means of a vacuum pump unit 56 to a pressure 
of 1.3x10"^ Pa for Example 1 and that of 1.3x10"^ Pa for 
Example 2 and, thereafter, a mixture gas containing by 
98 % and Hj by 2 % was introduced into the vacuiam chamber 
55. For Comparative Example 1, the vacuum chamber was 
evacuated to a pressure of 1.3x10'^ Pa but no mixture gas 
was introduced. Subsequently, a pulse voltage was 
applied between the device electrodes 4 and 5 to carry 
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out an energization forming from the power source 51 for 
applying the device voltage Vf to form an 
electron-emitting region 2 in the electroconductive film 
3. 

[0156] 

The pulse voltage was a triangular pulse voltage 
whose pecLk value gradually increased with time as shown 
in (b) of Fig. 23. The pulse width of Tl = 1 msec and 
the pulse interval of T2 = 10 msec were used. 
[0157] 

During the energization forming process, an extra 
rectangular pulse of 0.1 V (not shown) was inserted into 
intervals of the forming pulse voltage in order to 
determine the resistance of the electron-emitting device 
and the energization forming process was terminated when 
the resistance exceeded 1 M£J. Then, the vacuum chamber 
was evacuated. By the end of this step, an 
electron-emitting region 2 was prepared for each example 
((c) of Fig. 3). 
[0158] 

During this step, the maximum current running 
through the device, or forming current the voltage 

applied to obtain the I form' or V^om' the product of 

the two values, or the forming power Pfo„ were also 
observed. Table 1 shows the values obtained for the 
three pareimeters. 
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[0159] 
[Table 1] 





Ifo^(mA) 


Vfonn(V) 




Example 1 


8.0 


9.8 


78 


Example 2 


7.1 


9.9 


71 


Com . Ex . 1 


11.9 


10.8 


129 



[0160] 
Step-e: 

Subsequently, an activation process was carried 
out. The pressure in the vacuum chamber 55 in this step 
was 1.3x10'^ Pa. The activation process was conducted by 
applying a triangulfio: pulse voltage with a wave height of 
14 V for 20 minutes. 
[0161] 
Step-f : 

Thereafter, a stabilization process was carried 
out. In this step, the vacuum pump unit 56 was switched 
from the set of a sorption pump and an ion pump to an 
ultrahigh vacuum pump unit and the device in the vacuum 
chamber 55 was heated to 120 for about 10 hours, 
Iceeping the pressure in the vacuum chamber 55 fairly low. 
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[0162] 

Characteristics of the electron-emitting device 
were then evaluated by using the vacuum treatment 
apparatus of Fig. 5. The anode 54 and the device were 
separated by a distance H of 5 mm and a voltage of 1 kV 
was applied to the anode 54 from the high voltage source 
53. The vacuum chamber showed an internal pressure of 
4.3x10'^ Pa, 
[0163] 

A pulse voltage with a wave height of 14 V was 
applied to the electron-emitting device to observe the 
device current If and the emission current le under this 
condition. For each of the devices, values of 
le = 0.9 pA and If = 1.0 mA were obtained. 
[0164] 

[Example 3, Comparative Example 2] 

The surface conduction electron-emitting device 
prepared in each of these examples was same as those of 
Examples 1 and 2 described above except that the distance 
between the device electrodes was equal to L = 2 jim* 
By following Steps -a through c described above for 
Examples 1 and 2 , a pair of device electrodes 4 , 5 and an 
electroconductive thin film 3 were formed on a substrate 
1 for each of Exeunple 3 and Comparative Example 2 {(b) of 
Fig. 3). 
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[0165] 

The device was placed in the vacuum chcimber 55 
and the vacuum cheimber 55 was evacuated by vacuum pump 
56. Then, for Example 3, acetone was introduced into the 
vacuum chamber 55 to raise the internal pressure to 
1.3xl0"2 Pa. 
[0166] 

As in the case of Examples 1 and 2, a pulse 
voltage was applied between the device electrodes 2 and 3 
for energization forming to produce an electron-emitting 
region 2 in the electroconductive thin film 3 ((c) of 
Fig. 3). For Comparative Example 2, no acetone was 
introduced and the vacuum chamber was evacuated to less 
than 1.3x10"^ Pa before applying a pulse voltage for an 
energization forming process. 
[0167] 

Table 2 shows the values of Iform' ^torm Pfonn 

obtained for Example 3 and Compsurative Example 2. 

[0168] 

[Table 2] 





l£or-(n>A) 


Vfor-(V) 


. ». 

Pfot«(n»W) 


Example 3 


3.5 


5.2 


18 




Com . Ex . 2 


10.0 


6.0 


60 
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[0169] 

Subsequently, an activation process and a 
stabilization process were carried out as In the case of 
Examples 1 and 2 . When the electron-emitting performance 
was observed, the device of the Example 3 operated 
excellently as those of Examples 1 and 2. 
[01701 

[Example 4, Comparative Example 3] 

In each of these example, an electron source 
comprising a leirge number of surface conduction 
electron -emitting devices arranged on a substrate and 
provided with a matrix wiring arrangement was prepared. 
[0171] 

Fig. 13 Is a partial plan view of the electron 
source prepared In these examples. Fig. 14 Is a cross 
sectional view talcen along line A - A' . Note that the 
components that are same or similar to each other In 
Figs. 13 and 14 are denoted by the same reference 
symbols. 71 denotes a substrate and 72 emd 73 
respectively denotes an X-dlrectlonal wire (lower wire) 
and a Y-directlonal wire (upper wire). Otherwise, there 
axB shown an electroconductlve thin film 3 , device 
electrodes 4 emd 5, an Interlayer insulation layer 131 
and a contact hole 132 for electrically connecting the 
device electrode 4 and the lower wire 72. 
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[0172] 

First, the method of manufacturing an electron 
source of this example will be described specifically by- 
referring to Figs. 15 and 16, Note that the following 
steps, Step-a through Step-h correspond to (a) through 
(d) of Fig. 15 and (e) through (h) of Fig. 16. 
[0173] 
Step-a: 

After thoroughly cleansing a soda lime glass 
plate a silicon oxide film was formed thereon to a 
thickness of 0.5 yim by sputtering to produce a substrate 
71, on which Cr and Au were sequentially laid to 
thicJcnesses of 5 nm and 600 nm respectively by vapor 
deposition and then a photoresist (AZ1370: available from 
Hoechst Corporation) was formed thereon by means of a 
spinner and baked. Thereafter, a photo -mask image was 
exposed to light and photochemically developed to produce 
a resist pattern for a lower wire 72 and then the 
deposited Au/Cr film was wet -etched to actually produce a 
lower wire 72 having a desired profile. 
[0174] 
Step-b: 

A silicon oxide film was formed as an inter layer 
insulation layer 131 to a thickness of 1.0 pm by RF 
sputtering. 
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[0175] 
Step-C: 

A photoresist pattern was prepared for producing 
a contact hole 132 in the silicon oxide film deposited in 
Step-b, which contact hole 132 was then actually formed 
by etching the interlayer insulation layer 131, using the 
photoresist pattern for a mask. A technique of RIE 
(Reactive Ion Etching) using CF4 and H2 gas was employed 
for the etching operation. 
[01761 
Step-d: 

Thereafter, a pattern of photoresist was formed 
for a pair of device electrodes 4 and 5 and a gap L 
separating the electrodes and then Ti and Ni were 
sequentially deposited thereon respectively to 
thicknesses of 5 nm and 50 nm by vacuum deposition. The 
photoresist pattern was dissolved into an organic solvent 
and the Ni/Ti deposit film was treated by using a 
lift-off technic[ue to produce a pair of device electrodes 
4 and 5 having a width of Wl = 300 11m and separated from 
each other by a dlstemce of L « 10 pm. 
[01771 
Step-e: 

A photoresist pattern was prepared for upper wire 
73 on the device electrodes 4 and 5 and Ti emd Au were 
sequentially deposited by vacuum deposition to respective 
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thicknesses of 5 nm and 500 nm. All the unnecessary 
portions of the photoresist was removed to produce an 
upper wire 73 having a desired profile by means of a 
lift-off technique . 
[0178] 
Step-f : 

Then, a Cr film 133 was formed to a film 
thickness of 100 nm by vacuum deposition and patterned to 
produce a desired profile by using a mask having an 
opening for the gap L separating the device electrodes 
and its vicinity. A solution of organic Pd {ccp4230: 
available from Okuno Pharmaceutical Co., Ltd.) was 
applied onto the Cr film by means of a spinner and baked 
at 300 ** C for 12 minutes to produce an electroconductive 
film 134 made of PdO fine particles. 
[0179] 
Step-g: 

The Cr film 133 was removed by etching with an 
acid etchant auid unnecessary portions of the 
electroconductive film were removed by a lift-off 
technique to produce an electroconductive film 3 having a 
desired profile. The electroconductive film 3 showed a 
film thickness of 7 nm and cin electric resistance of 
Rs = 2.1x10* Q/D. 
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[0180] 
Step-h: 

Resist was applied to the entire surface and 
exposed to light, using a mask. Then, the resist was 
photochemlcally developed and removed only In the area 
for a contact hole 132. Thereafter, Tl and Au were 
sequentially deposited by vacuum deposition to respective 
thicknesses of 5 nm and 500 nm and the contact hole 132 
was burled by removing the unnecessary area by means of a 
lift-off technique. 
[0181] 

As a result of the above steps, a lower wire 72, 
an Interlayer Insulation layer 131, an upper wire 73, a 
pair of device electrodes 4 and 5 and an 

electroconductlve film 3 were formed on the substrate 71 
for each device so that, as a whole, a plurality of 
electroconductlve thin films 3 were connected by lower 
wires 73 and upper wires 72 to form a matrix wiring 
pattern on the substrate of an electron source, which was 
to be subjected to an energization forming process. 
[0182] 

Then, the prepared electron source substrate that 
had not been subjected to energization forming was used 
to prepare an Image-forming apparatus by following the 
steps described below. This will be described by 
referring to Figs. 8 and 9. 
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[01831 

After securing an electron source substrate 71 
onto a rear plate 81, a face plate 86 (carrying a 
fluorescent film 84 and a metal back 85 on the inner 
surface of a glass substrate 83) was arranged 5 mm above 
the substrate 71 with a support frame 82 disposed 
therebetween and, subsequently, frit glass was applied to 
the contact areas of the face plate 86, the support frame 
82 and the rear plate 81 and baked at 400 • C in the 
atmosphere for 10 minutes to hermetically seal the 
container. The substrate 71 was also secured to the rear 
plate 81 by means of frit glass. 
[0184] 

V/hile the fluorescent film 84 is consisted only 
of a fluorescent substance if the apparatus is for black 
and white images, the fluorescent film 84 of this example 
((a) of Fig. 9) was prepaored by forming black stripes 91 
in the first place and filling the gaps with 
stripe-shaped fluorescent substances 92 of primary 
colors. The black stripes 91 were made of a popular 
material containing graphite as a principal ingredient. 
[01851 

A metal back 85 is arranged on the inner surface 
of the fluorescent film 84. After preparing the 
fluorescent film, the metal back 85 was prepared by 
carrying out a smoothing operation (normally referred to 
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as "filming") on tne inner surface of the fluorescent 
film 84 and thereafter forming thereon an aluminum layer 
by 'vacuum deposition. 
[0186] 

For the above bonding operation, the components 
were carefully aligned in order to ensure an accurate 
positional correspondence between the color fluorescent 
substances 92 and the electron-emitting devices 74. 
[0187] 

The image forming apparatus was then placed in a 
vacuum processing system and the vacuum chamber was 
evacuated to reduce the internal pressure to less than 
1.3x10"^ Pa. Thereafter, a mixture gas of and 
containing by 98 % and 2 % respectively was introduced 
into the vacuum container until the internal pressure 
rose to 5x10"^ Pa. 
[0188] 

Fig. 21 shows a schematic diagram of the wiring 
arrangement used for applying a pulse voltage in each of 
these exeunples. Referring to Fig. 21, the Y-directional 
wires 73 were commonly connected to a common electrode 
1401 and further to a ground side terminal of a pulse 
generator 1402 by connecting their external terminals Dyl 
through Dyn to the common electrode 1401. The 
X-dlrectional wires 72 were connected to a control 
switching circuit 1403 by way of their external terminals 
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Dxl through Dxm. {In Fly. 21, m = 20 and n *= 60.) The 
switching circuit was designed to each of the terminals 
either to the pulse generator 1402 or to the ground as 
schematically illustrated in Fig. 21. 
[0189] 

For an energization forming process, one of the 
device rows arranged along the X-direction was selected 
by the switching circuit 1403, to which a pulse voltage 
was applied, and after the application of the pulse 
voltage, another device row was selected for pulse 
voltage application. In this manner, all the device rows 
were subjected to the pulse voltage application 
simultaneously. The applied pulse voltage was similar to 
the one used in Example 1 or 2. An energization forming 
process as described above was also conducted on the 
appciratus of Comparative Example 3 except that no mixture 
gas was introduced and the vacuum chamber was evacuated 
to below 1.3x10"^ Pa before the apparatus was subjected to 
an energization forming process, using a similar pulse 
voltage . 
[0190] 

Thereafter, an activation process was carried 
out. At this stage of operation, the vacuum cheunber 
showed a pressure of 2.7x10"^ Pa. A triangular pulse 
voltage having a wave height of 14 V and a pulse width of 
30 iisec was applied to the device rows as in the^ case of 
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energization forming. 
[0191] 

After the activation process , the envelope was 
evacuated again to reduce the internal pressure to about 
l*3xl0'* Pa, while heating the vacuum chamber, and the 
exhaust pipe (not shown) was heated to melt by a gas 
burner to hermetically seal the envelope. Finally, the 
getter (not shown) arranged in the envelope was heated by 
high frequency heating to carry out a getter process. 
[0192] 

The image-forming apparatus produced after the 
above steps was then driven to operate by applying a scan 
signal and a modulation signal from a signal generator 
(not shown) to the electron-emitting devices, using the 
simple matrix wiring, to cause the electron-emitting 
devices to sequentially emit electrons. Then, the 
emission current le was observed for each device to 
determine the variances in the performance of the 
devices. The v€u:iances were found within a 5 % range for 
the apparatus of Example 4 and within a 15 % range for 
the apparatus of Comparative Example 3 to prove that the 
former was by far excellent them the latter. 
[01931 

It may be safe to assume that the superior 
performance of the former was a result of the 
energization forming process conducted in an atmosphere 
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containing a substance that promoted the cohesion of the 
electroconductive film so that a lower electric current 
was required for energization forming and hence a smaller 
voltage drop due to the resistance of the wires reduced 
the variances in the voltage applied to the devices for 
energization forming, which provided uniform conditions 
for the devices . 
[0194] 

[Examples 5-1 through 5-6, Comparative Example 4] 

In each of these examples, an electron-emitting 
device having a configuration as schematically 
illustrated in (a) and (b) of Fig, 1 was prepared. These 
examples will be described by referring to Fig. 3. 
[0195] 
Step-a: 

In each example, after thoroughly cleansing a 
substrate 1 of quartz glass with a detergent, pure water 
and an organic solvent, Pt was deposited for device 
electrodes by sputtering on the substrate 1 to a 
thiclcness of 50 nm. The device electrodes 4, 5 were 
formed by covering the substrate 1 with a maslc having 
openings corresponding to the profiles of the device 
electrodes, which were separated by a distance L of 3 pm 
((a) of Fig. 3). 
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[0196] 
Step-b: 

To produce an electroconductive film 3, a mask of 
Cr film (not shovm) was formed on the device to a 
thickness of 50 nm by vacuum deposition and then an 
opening corresponding to the pattern of an 
electroconductive film was formed by photolithography. 
The opening had a width of 100 pm. 
[0197] 
Step-c: 

Thereafter, an organic Pd solution (ccp4230: 
available from Okuno Pharmaceutical Co*, Ltd.) was 
applied to the Cr film by means of a spinner and baked at 
310 • C in the atmosphere to produce an electroconductive 
film 3 containing fine particles (with an average 
diameter of 5 nm) of palladium oxide (PdO) as a principal 
ingredient. The film thickness was about 6 nm. Then, 
the Cr mask was removed by wet -etching and the PdO fine 
particle film was lifted off for an electroconductive 
film 3 having a desired profile. The electroconductive 
film 3 showed a resistance of Rs « 4.0x10* «/□ ((b) of 
Fig. 3). 
[0198] 
Step-d: 

The above described device was placed in the 
vacuum chamber 55 of a gauging system as illustrated in 
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tig, 5 and the vacuum chamber was evacuated to 1 x 10'^ Pa 
by the vacuum pump 6 . Then a pulse voltage was applied 
between the device electrodes 4 and 5 from the power 
source 51 for applying a device voltage Vf to carry out 
an energization forming process and produce an electron 
emitting region 2 in the electroconductive film 3 ((c) of 
Fig. 3). 
[0199] 

The pulse voltage used for energization forming 
was a rectangular pulse voltage as shown in (a) of Fig, 4 
by referring to Example 5 above. In the initial stages, 
the pulse wave height was gradually raised with time 
until it got to Vh. From then on the level of Vh was 
maintained for a time period of Th. The pulse width of 
Tl = 1 msec and the pulse interval of T2 = 100 msec were 
used. The duration of time Th was 10 minutes. The wave 
height voltage Vh was 6 V for Example 5-1, 10 V for 
Example 5-2, 14 V for Example 5-3 and 18 V for Example 
5-4. Two devices were used for each condition. While 
the pulse wave height was held to Vh, the resistance of 
the device rose gradually and the current rxinning through 
the device fell gradually. After 10 minutes, Tl was 
modified to 5 msec. Then, after applying several pulses, 
the resistance of the device rose beyond 1 Mfl, when the 
energization forming process was terminated. 
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[0200] 

A rectangular pulse voltage as shown in Fig. 19 
was applied to the two device of Comparative Example 4 , 
selecting values of Tl = 1 msec and T2 = 10 msec. The 
pulse wave height was gradually increased from 0 V. Fig. 
20 shows the relationship between the current running 
through the device and the wave height of the applied 
pulse voltage. The device showed a constant resistance 
until the voltage got to 4.5 V, when the resistance 
started falling a little eind then rose rapidly when the 
voltage fell to the lowest level of 6 V. The 
energization forming process was terminated when the 
resistance exceeded 1 M£2. 
[02011 

One of the two devices for each of Examples 5-1 
through 5-4 and that of Comparative Example 4 was 
observed for the electron-emitting region through an 
electron microscope. 
[0202] 
Step-e: 

Subsequently, an activation process was carried 
out for the other of the two devices for each example by 
placing it in a vacuum chamber 55. For this process, 
acetone was introduced Into the vacuum chamber 55, and a 
rectemgular pulse voltage having a wave height of 15 V, a 
pulse width of 1 msec and a pulse Interval of 10 msec was 
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applied between the device electrodes 4 and 5 for 15 mln 
at 1.3x10-2 Pa. 
[0203] 
Step-f : 

Subsequently, acetone in the vacuum chamber 55 
was evacuated and the inside of the vacuum chamber was 
evacuated while heating the entire vacuum system for 6 
hours until the pressure in the vacuum chamber got to 
about 10-« Pa to carry out a stabilization process. 
[0204] 

Additionally, electron-emitting devices were 
prepared for Examples 5-5 and 5-6 as in the case of 
Examples 5-1 and 5-3 except that a duration of 25 minutes 
was selected for the activation process. 
[0205] 

Each of the prepared devices was driven to 
operate in the vacuum chamber, keeping the internal 
pressure unchanged, to observe the device current If and 
the emission current le. The anode 54 and the device 
were separated by a distance H of 5 mm and a voltage of 
1 kV was applied to the anode 54 from the high voltage 
source 53. A pulse voltage with a wave height of 15 v 
was applied to the electron -emit ting device. The device 
electrode 4 was the anode and the device electrode 5 was 
the cathode of the device. Table 3 shows the results of 
the observation. 
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[0206] 
[Table 3] 



- 




Vh 


activa- 
tion 
time 


If 


le 


fissure 
width 


voltage 
appli- 
cable 
length 






(V) 

V ' / 


(min) 


(mA) 


(pA) 


( nm) 


(nm) 


Example 


5-1 


6 


15 


1.0 


1.5 


20 


3.0 


Excimple 


5-2 


10 


15 


0 . 9 


1 . 3 


30 


4 . 5 


Exeimple 


5-3 


14 


15 


0.9 


1.1 


50 


5.0 


Example 


5-4 


18 


15 


0.7 


0.9 


100 


6.0 


Ex€unple 


5-5 


6 


25 


1.0 


1.5 


20 


3.0 


Example 


5-6 


14 


25 


1.0 


1.4 


50 


3.5 


Com . Ex . 


4 






1.2 


1.0 


40-100 


5.5 



[0207] 

As a result of obseirvations through an electron 



microscope, the devices with Vh = 6 V, 10 V and 14 V of 
the Examples 5 group showed a uniformly profiled fissure 
with a width of not greater than 50 nm over the entire 
length of the electron-emitting region. In the case of 
the device with Vh = 18 V, the fissure width exceeded 50 
nm but showed a substantially uniform value. To the 
contrary, the device of comparative Example 4 showed a 
fissure having a width that varied randomly between 40 
and 100 nm so that no median could not be determined. 
[0208] 

In every one of the devices subjected to the 
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activation process and the subsequent processes in the 
above Examples 5 group, a carbon film was formed 
substantially over the entire electron-emitting region 2 
to reveal that electrons had been emitted from the entire 
surface of the electron-emitting region 2. In the case 
of the device of Comparative Example 4, on the other 
hand, no carbon film was formed on part of the 
electron-emitting region 2. This is considered one cause 
that the emission current le was small. 
[0209] 

Each of the devices of Examples 5 group showed a 
device current If smaller them that of the device of 
Comparative Excunple 4 * This may be because a uniform 
fissure was formed in the electron -emitting region of the 
former device, which was therefore uniformly activated in 
the subsequent activation step to suppress 
the generation of any leak current. Since the fissure of 
the electron-emitting region of the device of Comparative 
Example 4 was not uniform, the electron-emitting region 
might have been unevenly activated to produce a path of 
leak current in part of the region. 
[0210] 

When the devices of Examples 5-1 and 5-3 are 
compeared with those of Examples 5-5 and 5-6, it is 
recognized that the device having a fissure width of 
20 nm (devices of Examples 5-1 and 5-5) did not show any 
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changes In le and If although a longer duration was used 
for the activation step nor in the voltage applicable 
length. However, both le and If of the device having a 
fissure width of 50 nm (devices of Examples 5-3 and 5-6) 
rose considerably to prove that it had a reduced voltage 
applicable length. From these observations, it is clear 
that the voltage applicable length can be reduced and le 
can be increased by prolonging the duration of the 
activation process if a uniform fissure width is 
achieved. However, it should be noted that the limit of 
the voltage applicable length is 3.0 nm under the above 
cited conditions for activation. In other words, both le 
and the voltage applicable length of devices can be held 
to a substantially constant level by using a long period 
of time for activation even if the fissure width of the 
devices show relatively large variances. The time 
required to get to the limit value can be reduced by 
using a short fissure width. 
[0211] 

[Examples 6-1 through 6-4, Comparative Example 5] 

Devices of Example 6-1 through 6-4 were prepared 
by following the steps of Examples 5-1 through 5-4 except 
the following. The observation by an electron microscope 
and the meastirement of the electron-emitting 
cheuracteristics were performed similar to those of 
Example 5. 
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[0212] 

The energization forming process of the devices 
of the Examples 6 group was conducted in an atmosphere 
with a pressure level of 1.3 Pa. For each of the device, 
the energization forming process was terminated when the 
resistance of the device exceeded 1 Mfl, while applying a 
pulse voltage of Vh, that is, 6 V, 10 V, 14 V and 18 V, 
respectively . 
[0213] 

For the device of Compeurative Example 5, the 
energization forming process was conducted in vacuum of a 
degree of pressure of 1.3x10"^ Pa with Tl = 1 msec, 
T2 = 10 msec and Vh = 6 V for 30 minutes. The resistance 
of the device increased gradually but never exceeded 1 M. 
Table 4 shows the results of the observation. 
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[0214] 
[Table 4] 







Vh 


If 


le 


fi-ssuire 
width 


voltage 
appli- 
cable 
length 






(V) 


(mA) 




(nm) 


(nm) 


Exeunple 


6-1 


6 


1.0 


2.0 


15 


3.0 


Example 


6-2 


10 


0.9 


1.8 


20 


3.5 


Example 


6-3 


14 


0.8 


1.7 


50 


4.0 


Example 


6-4 


18 


0.8 


1.3 


80 


5.0 


Com. Ex. 


5 


6 


1.5 


1.0 


£35 


S5.0 



[0215] 

As a result of observations through an electron 
microscope, the devices with Vh = 6 V, 10 V and 14 V of 
the Examples 6 group showed a uniformly profiled fissure 
with a width of not greater than 50 nm over the entire 
length of the electron-emitting region. In the case of 
the device with Vh = 18 V, the fissure width exceeded 
50 nm but showed a substantially uniform value. To the 
contrary, the device of Compeorative Example 5 showed a 
fissure having an uneven width less than 35 nm and 
insufficient formation in part so that the 
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electroconductive thin film might have been bridged at 
certain locations. This result can be attributable to 
the fact that application of pulse voltages having an 
increased pulse width was not conducted while Vh = 6 V 
was maintained. 
[0216] 

In every one of the devices subjected to the 
activation process and the subsequent processes in the 
above Examples 6 group, a carbon film was formed 
substantially over the entire electron-emitting region 2 
to reveal that electrons had been emitted from the entire 
surface of the electron-emitting region 2- In the case 
of the device of Comparative Example 5, on the other 
hand, no carbon film was formed on part of the 
electron-emitting region 2. This may be one cause that 
the device current If was large and the emission current 
le was small. 
[0217] 

Each of the devices of Examples 6 group showed a 
device current If smaller than that of the device of 
Comparative Example 5. This may be because a uniform 
fissure was formed in the electron-emitting region of the 
former device, which was therefore uniformly activated in 
the subsequent activation step to suppress the generation 
of any leak current. The fissure of the 
electron-emitting region might have be n bridged at 
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certain locations in the device of Comparative Exeunple 5 
to provide one or more than one paths of leak current in 
the region, 
[0218] 

As may be understood by comparing Tables 3 and 4, 
a reduction in the fissure width and the voltage 
applicable length and an increase in the emission current 
were observed in the devices of the Examples 6 group when 
compared with those of Examples 5 group. This may be 
because the energization fomning process was conducted 
for the former devices in an containing atmosphere to 
promote the chemical reduction and the cohesion of the 
electroconductive thin film whereas the process was 
conducted in vacuum for the latter devices. Thus, 
obviously, the power consumption in the energization 
forming process for the former devices was reduced to 
neirrow the fissures. 
[0219] 

[Examples 7-1 through 7-4] 

Devices of these ex£unples were prepared by 
following the steps of Examples 5-1 through 5-4 except 
the following. The observation by EM €md the measurement 
of the electron-emitting chcoract eristics were performed 
similar to those of Example 5. 
[0220] 

In each of these examples, the el ctroconductive 
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thin film 3 was formed by sputtering Pt, The 
electroconductlve thin film 3 showed a film thickness of 
about 2.5 nm and an electric resistance of Rs = 3.5x10^ 
Q/D. 
[0221] 

The atmospheres In the vacuum chamber for the 
energization forming process of Examples 7-1 through 7-4 
were (1) vacuum (about 1.3x10'* Pa), (2) H2 1.3 Pa, (3) CO 
130 Pa, (4) acetone 1.3x10"^ Pa respectively. The applied 
pulse voltage had Tl = 1 msec, T2 = 100 msec, Vh = 10 V 
and Th - 10 mln. Although the resistance rose gradually. 
It did not exceed 1 MQ except the example where Hj was 
used. When the pulse wave height was raised to 12 V, the 
resistance exceeded 1 MQ after applying several pulses 
and therefore the energization forming process was 
terminated then In each example. 
[0222] 

After the activation process similar to that of 
Example 5, the entire vacuum cheunber 55 was heated to 180 
• C and evacuated for 6 hours to reduce the Internal 
pressure to about 1.3x10*^ Pa for a stabilization process. 
[0223] 

Table 5 shows the results of the observation. 
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[0224] 
[Table 5] 





atmos - 
phere 


If 


le 


fissure 
Width 


voltaae 
appli- 
cable 
length 






(mA) 


(VIA) 


(nm) 


(nm) 


Example 7-1 


vacuum 


1.0 


1.5 


15 


3.5 


Example 7-2 




0.9 


2.0 


10 


3.0 


Example 7-3 


CO 


1.0 


1.4 


15 


4.0 


Exeunple 7-4 


acetone 


1.0 


1.4 


15 


4.0 



[0225] 

As a result of observations through an electron 
microscope, all the devices showed a fissure with a 
uniform width of less than 20 nm over the entire 
electron-emitting region after having been subjected to 
energization forming. The fissure width of each of the 
devices of this exeunple group was smaller them that of 
any of the devices of the Examples 5 and 6 groups and 
Comparative Examples 4 and 5. This may be explained by 
the fact that the fissure width varies depending on the 
material of the electroconductive thin film and the 
material of the electroconductive thin film of these 
devices has a melting point higher than the materials of 
the preceding examples • 
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[0226] 

After the activation process, each of the devices 
of this example group showed a carbon film uniformly 
formed on the entire electron-emitting region 2 to prove 
that electrons had been emitted substantially from the 
entire surface of the electron-emitting region. 
[0227] 

While the devices of this example group showed a 
device current If smaller than that of any of the devices 
of Comparative Examples 4 and 5. This may be because no 
path of lealc current was formed as a uniform fissure was 
formed there and the electron -emitting region was 
uniformly activated in each of the devices of this 
example group. 
[0228] 

As may be understood by seeing Table 5, the 
device for which the energization forming process was 
conducted in an containing atmosphere showed a smaller 
fissure width and a greater emission current than any 
other devices. This may be because the cohesion of the 
electroconductive thin film (Pt) was promoted by the 
existence of and the energization forming process was 
performed at a reduced current level to consecjuently 
reduce the fissure width. On the other hand, CO and 
acetone did not show any effect for promoting the 
cohesion of Pt particles as in the case of vacuum. 
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[0229] 

[Examples 8-1 and 8-2] 

Devices of these examples were prepared as in the 
case of Examples 5-1 through 5-4 except the following. 
The observation by EM and the measurement of the 
electron-emitting characteristics were performed similar 
to those of Example 5. 
[0230] 

In each of these examples, the electroconductive 
thin film 3 was made of PdO fine particles as in the case 
of the Examples 5 group- The pulse voltage used for 
energization forming was a rectangular pulse with 
Tl = 1 msec, T2 = 100 msec, and Vh « 6.0 V. The 
resistance raised gradually, while Vh = 6.0 V was being 
maintained, and the energization forming process was 
terminated when the pulse wave height was raised to 7.0 V 
and the resistance went beyond 1 MQ. The atmospheres 
in the vacuum chamber for the energization forming 
process of Examples 8-1 and 8-2 were (1) CO 13 Pa and (2) 
acetone 1.3x10*^ Pa respectively. 
[0231] 

Table 6 shows the results of observation. 
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[0232] 
[Table 6] 





atmos- 
phere 


If 


le 


fissure 
width 


voltage 
appli- 
cable 
length 






(mA) 


(pA) 


(nm) 


(nm) 


Example 8-1 


CO 


1.0 


1.6 


25 


3.5 


Example 8-2 


acetone 


1.0 


1.6 


28 


3.2 



[0233] 

As described above, CO and acetone did not show 
ajiy effect for promoting the cohesion of the 
electroconductive thin film in the Exeunples 7 group, 
where the electroconductive thin film was made of Pt. 
Contrfiury to this, the chemical reduction and the 
resultant cohesion of the electroconductive thin film 
were promoted in this example group where the 
electroconductive film was made of PdO to reduce the 
power consumption for the energization forming process 
and also the fissure width. The use of other easily 
reducible metal oxides for electroconductive thin films 
may provide sdLmllar effects* 
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[0234] 

[Examples 9-1 through 9-5] 

Devices of these examples were prepared as in the 
case of Examples 5-1 through 5-4 except the following. 
The observation by EM and the measurement of the 
electron-emitting characteristics were performed similar 
to those of Example 5 . 
[0235] 

In these examples, the energization forming 
process was conducted in vacuum of 1.3x10'* Pa and the 
pulse voltage used for energization forming was a 
rectangular pulse with Tl = 1 msec and with variable T2 
of (1) 2 msec, (2) 5 msec, (3) 10 msec, (4) 100 msec and 
( 5 ) 1 sec for respective examples . A constant voltage of 
Vh = 6.0 V was selected. The resistance raised 
gradually, while Vh = 6.0 V was being maintained, and 
thereafter, Vh was raised to 7.0 V to see that the 
resistance of the device went beyond 1 MQ, when the 
energization forming process was terminated. 
[0236] 

Table 7 shows the results of observation. 
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[0237] 
[Table 7] 





T2 
(msec) 


If 
(mA) 


le 
(]iA) 


fissure 
width 

(nm) 


voltage 
appli- 

length 

(nm) 


Example 


9-1 


2 


1.0 


0.8 


50 


4.5 


Example 


9-2 


5 


1.0 


1.0 


45 


4.2 


Example 


9-3 


10 


1.0 


1.2 


40 


4.0 


Example 


9-4 


100 


1.0 


1.5 


30 


3.0 


Example 


9-5 


1,000 


1.0 


1.5 


30 


3.0 



[0238] 

It will be seen from Table 7 above that the 
fissure width, the voltage applicable length and the 
electron-emitting performance are dependent on the pulse 
interval T2 used for energization forming. This may be 
due to the fact that, if the pulse interval T2 is not 
large relative to the pulse width Tl, the heat generated 
by the application of a pulse voltage is accumulated in 
the device to raise the temperature of the 
electron-emitting region and enlarge the fissure width. 
Therefore, T2 is preferably five times, more preferably 
ten times and most preferably one hundred times greater 
than Tl. 
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[0239] 

[Example 10, Comparative Example 6] 

In each of these examples, a plurality of devices 
were prepared on a single substrate as shown in Fig, 13, 
each of the devices having a configuration as shown in 
Fig . 1 . Devices of these examples were prepared as in 
the case Example 5 except the following. The observation 
by EM and the measurement of the electron-emitting 
characteristics were performed similar to those of 
Example 5. 
[0240] 

In each of these examples, the electroconductive 
thin film 3 of each device was formed by sputtering Pt. 
The electroconductive thin film 3 showed a film thiclcness 
of about 1.5 nm and an electric resistance of Rs = 5x10* 
n/D. 

[0241] 

The energization forming process of each of the 
examples was conducted in vacuum of about 1.3x10"* Pa. 
The applied pulse voltage had Tl « 1 msec, T2 « 100 msec, 
Vh » 5.5 V and Th = 10 min. After holding the voltage to 
the predetermined period of time, Tl was changed to 
5 msec and the resistance of the devices went beyond 
1 MO, when the energization forming process was 
terminated • 
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[0242] 

On the other hand, in the energization forming 
process of Comparative Example 6, the applied voltage was 
a rectangular pulse voltage with a gradually increasing 
wave height as in Comparative Example 4 . 
[0243] 

A device voltage Vf of 32 V was used for Example 
10, whereas 18 V was selected for the device voltage of 
Comparative Example 6 . If and le were observed 
particularly from the viewpoint of variances . 
[0244] 

Table 8 shows the results of the observation. 

[0245] 
[Table 8] 





Vf 


If 


Alf 


le 


Ale 


fissure 
width 




(V) 


(mA) 


(%) 


(VIA) 


(%) 


(nm) 


Example 10 


32 


1.0 


4.8 


1.1 


4.6 


50 


Com . Ex . 6 


18 


1.1 


26 


1.0 


31 


40-100 
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[0246] 

As a result of observations of three devices of 
each of Example 10 and Comparative Excimple by an electron 
microscope, the device of Example 10 showed fissures with 
a uniform width of less than 50 nm over the entire 
electron-emitting region after having been subjected to 
energization forming, whereas the device of Comparative 
Example 6 that had been subjected up to the energization 
forming process showed uneven fissures with a width 
varying from 40 to 100 nm. 
[0247] 

In each of the devices that had undergone the 
steps after the activation process, a cetrbon film was 
formed on the entire electron- emitting region to prove 
that electrons had been emitted from the entire surface 
area of that region. Contrary to this, part of the 
electron-emitting region 2 of the devices of Comparative 
Example 6 was devoid of carbon film. 
[0248] 

In the devices of this example, unevenness of If 
and le (Alf and Ale) between devices is small, and 
devices exhibiting uniform electron -emitting 
characteristics were prepared. 
[0249] 

[Example 11] 

The device of these example was prepared as in 
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the case of Examples 5-1 through 5-4 except the 
following. The observation by EM and the measurement of 
the electron-emitting characteristics were performed 
similar to those of Excunple 5. 
[0250] 

In this example, the device electrodes were 
separated by a distance L of 2 pm. The electroconductive 
thin film was made of fine particles of PdO as in the 
case of the Examples 5 group and showed a film thickness 
of about 6 nm and a resistance of Rs = 4.2x10* Q/0. 
[0251] 

The energization forming process was conducted in 
vacuum of 1.3x10'* Pa and the pulse voltage used for 
energization forming was a rectangular pulse with 
Tl = 1 msec, T2 = 100 msec, Vh = 5.5 V and Th = 10 min. 
After the predetermined time, Tl was changed to 5 msec to 
see that the resistance of the device exceeded 1 MQ, when 
the energization forming process was terminated. 
[0252] 

The activation process was conducted in a vacuum 
chamber 55, introducing WF^ to realized an Internal 
pressure of 1.3x10'^ Pa. At this time, a rectangular 
pulse voltage of Tl = 2 msec, T2 - 10 msec, and a wave 
height of 20 V was applied. The substrate was heated to 
150 ^C. 
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[0253] 

For the stabilization process, the vacuum chamber 
was heated to 200 * C and evacuated for 2 hours until the 
pressure went down to about 10"* Pa. 
[02541 

For observing the performance a pulse voltage 
with a wave height of 20 V was applied to the device. 
Table 9 shows the results of observation. 
[0255] 
[Table 9] 





If 


le 


fissure 
width 


voltage 
appli- 
cable 
length 




(mA) 


' (PA) 


(run) 


(nm) 


Example 11 


1.0 


2.0 


30 


3.8 



[0256] 

As a result of observations through an electron 
microscope, the device of this example showed a uniform 
fissure with a width of 30 nm over the entire length of 
the electron-emitting region 2 when the energization 
forming process was completed. When the steps after the 
activation process were over, a film of W deposit was 
observed on the entire electron-emitting region 2 to 
prove that electrons had been emitted from the entire 
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prove that electrons had been emitted from the entire 

surface of the electron-emitting region. 

[0257] 

Thus, the surface conduction electron-emitting 
devices prepared according to the invention realized a 
uniform and excellent electron-emitting performance. 
[0258] 

[Example 12, Comparative Example 7] 

Devices of these examples were prepared by 
following the steps of Examples 5-1 through 5-4 except 
the following. 
[0259] 

In each of these examples , the device electrodes 
were formed by depositing Ni by means of sputtering. The 
device electrodes were separated by a length L of 50 pm. 
The electroconductive film 3 was made of PdO fine 
particles and had a film thiclcness of 10 nm. The film 
showed a resistemce of Rs = 8x10* Q/0. 
[0260] 

In Example 12, a trleingular pulse voltage as 
shown in (a) of Fig. 23 with Tl = 100 iisec and T2 = 10 
msec was used for the energization forming process. The 
pulse wave height was held to a constant level of 10 V. 
The electric current running through the device showed a 
pealc value of 2.5 mA. The atmospheres in the vacuum 
chamber was initially equal to 1.3x10"* Pa, which was then 
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raised to 1.3x10^ Pa by Introducing a mixture gas of 

% - NjSS %. After the start of the mixture gas 
introduction, the electric current running through the 
device gradually decreased and dropped to less than 
10 nA. The maximum power consumption rate during this 
period was 85 mW. 
[0261] 

The device of Comparative Example 7 was subjected 
to energization forming by applying a triangular pulse 
voltage with an increasing wave height as shown in (b) of 
Fig. 23, The initial wave height was 5 V, which was 
gradually raised to 14 V, when the energization forming 
process was terminated. The maximum electric current was 
10.5 mA and the maximum power consumption rate was 147 mW 
during this period. The vacuum chamber was held to 
1.3x10-* Pa. 
[0262] 

If and le of each device were observed by 
applying a rectanguleu: pulse voltage of 20 V to the 
device. Table 10 shows the results of the observation. 
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[0263] 
[Table 10] 





atmosphere 


If 


le 






(mA) 


(pA) 


Example 12 


H2-N2 


1.5 


1.8 


Com . Ex . 7 


vacuiam 


0.8 


1.2 



[0264] 

[Example 13] 

A device of this example was prepared as in the 
case of Example 12 except the following. 
[0265] 

In Example 13, a rectangular pulse voltage with 
Tl = 100 psec and T2 = 16.7 msec, was used for the 
energization forming process. The pulse wave height was 
held to a constant level of 10 V. The electric current 
running through the device showed a pealc value of 1.7 mA . 
Under this condition, a mixture gas of H2I % - Ar99 % was 
gradually introduced into the vacuum chamber until the 
pressure rose to 2.6x10^ Pa. The energization forming 
process was terminated about five minutes after the start 
of introducing the mixture gas. 
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[0266] 

The electron-emitting performance of the device 
was measured by applying a pulse voltage of 18 V to the 
device. As a result. If was 1.5 mA and le was 2.1 pA. 
[0267] 

[Examples 14-1 through 14-3, Comparative Example 8] 

In each of these example, electron sources, each 
comprising a large number of surface conduction 
electron-emitting devices arranged on a substrate and 
provided with a matrix wiring arrangement was prepared 
and incorporated into respective image -forming 
apparatuses as in the case of Example 4, 

Electron- emitting devices were arranged into a matrix of 
20 rows and 60 columns including ones for primary colors. 
[0268] 

First, process steps of electron sources of this 
example and comparative example will be described. 
[0269] 

Steps -a through h and the hermetically sealing 
procedures of Examples 4 were followed for these 
examples. However, for each device, the device 
electrodes were separated by a distance of L = 3 pm and 
had a length of Wl = 200 pm. A Pt electroconductive thin 
film was produced by sputtering to a thiclcness of 1.5 nm. 
The Cr maslc used for patterning had a thickness of 50 nm. 
The electric resistance of the electroconductive* film 3 
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was Rs = 5x10* fi/n. 
[0270] 

After completing the hermetically sealing 
operation, three pairs of image-forming apparatuses were 
subjected to energization forming by using respectively 
methods A through C, which will be described below. For 
Comparative Example 8, another pair of image-forming 
apparatuses were also subjected to energization forming 
by using a fourth method, or method D, which will also be 
described below. One of each pair of apparatuses was 
observed through an electron microscope after the 
energization forming process. As shown in Fig. 21, the 
Y- directional wires 73 were commonly connected to a 
common electrode 1401 and further to a ground side 
terminal of a pulse generator 1402 by connecting their 
external terminals Doyl through Doy60 to the common 
electrode 1401. The X-directional wires 72 were 
connected to a control switching circuit 1403 by way of 
their external terminals Doxl through Dox20. The 
switching circuit was designed to contact to each of the 
terminals either to the pulse generator 1402 or to the 
ground as schematically illustrated in Fig. 21. 
[02711 
Method A: 

The envelope 88 was evacuated through an exhaust 
pipe (not shown) by means of a vacuxim system until the 
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internal pressure fell under 1.3x10"* Pa. and then a pulse 
voltage was applied to the devices. The wave height of 
the pulse voltage was gradually raised from 0 V to get to 
6 V, when the wave height was held to the that level. 
The pulse width was Tl = 100 psec. and the pulse interval 
was T2 = 833 psec. , which was equivalent to a frequency 
of f = 1,200 Hz. At the same time, the switching control 
circuit 1403 was connected to the pulse generator 1402 by 
one of the external terminals Doxl through Dox20 and also 
to the ground in order to select one of the device rows 
cyclically in synchronism to the T2 . Thus , a pulse 
voltage with a pulse width of Tl = 100 pm and a pulse 
interval of T2 = 16.7 msec was applied to each of the 
electron-emitting devices with a frecjuency of f = 60 Hz. 
The pulse wave height was held to 6 V for ten minutes, 
during which the device current gradually fell. 
Thereafter, the pulse width was changed to T = 500 sec. 
When the resistamce (parallel resistance of 60 
electron-emitting devices connected to the same 
X-dlrectional wire) of each X-directional wire determined 
from the pulse wave height and the device current 
exceeded 16.7 (or a resistance of 1 MA for each 
device), the application of the pulse voltage was 
terminated. 



- 119 - 



[0272] 
Method B: 

After evacuating the envelope 88 as in the case 
of Method A above, gas was introduced into it until the 
pressure got to 1.3 Pa. Thereafter, a pulse voltage same 
as that of Method A was applied and the wave height was 
held to 6 V for 10 minutes to find that the resistance of 
each X- directional wire determined from the pulse wave 
height and the device current exceeded 16.7 kft and the 
application of the pulse voltage was terminated at that 
moment. Then, the envelope was evacuated again. 
[0273] 
Method C: 

After evacuating the envelope 88 as in the case 
of Method A above, only Doxl of the X-directional wires 
was connected to the pulse generator 1402 to apply a 
pulse voltage with a pulse width of Tl = 100 iim and a 
pulse interval of T2 = 16.7 msec was applied to each of 
the electron-emitting devices with a frequency of 
f « 60 Hz. As the case of Method A, the pulse wave 
height was held to 6 V for ten minutes and, thereafter, 
the pulse width was changed to Tl = 500 iisec. When the 
resistance of the X-directional wire exceeded 16.7 left, 
the application of the pulse voltage was terminated. 
Then, the switching circuit was operated to select the 
next device row for another energization forming 
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operation. This procedure was repeated until all the 20 
device rows were treated for energization forming • 
[0274] 
Method D: 

After evacuating the envelope 88 as in the case 
of Method A above, a pulse voltage with a pulse width of 
Tl = 100 psec and a pulse interval of T2 = 833 jisec was 
applied to each of the electron- emitting devices. 
Switching circuit was operated in a manner as in the case 
of Method A. Thus, like Method A, a pulse voltage with a 
pulse width of Tl = 100 |isec and a pulse interval of 
T2 = 16.7 msec was applied to each of the 
electron-emitting devices with a frecjuency of f = 60 Hz. 
The pulse wave height was raised stepwise with a step of 
0.1 V. When the wave height got to 12 V, the resistance 
of each of the devices exceeded 16.7 kO so that the 
application of the pulse voltage was suspended. 
[0275] 

In the electron-emitting region 2 of each of the 
processed devices, a uniform fissure of 10 nm (Method B) 
or 15 nm (Method A or C) was observed. In the 
Comparative Example 8, the fissure width was uneven and 
fluctuated between 100 and 200 nm. 
[0276] 

Thereafter, the devices were subjected to an 
activation process by applying a pulse voltage thereto. 
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In the Example 14 group, a rectangular pulse voltage 
having the pulse width and pulse interval described by 
referring to Method A was used but a wave height of 15 V 
was selected. Acetone was introduced into the envelope 
88 until the internal pressure got to 1.3x10'^ Pa, while 
observing the device current If. 
[0277] 

Subsequently, a stabilization process was carried 
out. In this process, the envelope 88 was heated to 
160 • C cind evacuated until the internal pressure fell to 
1.3x10'^ Pa. Then, the exhaust pipe (not shown) was 
closed by melting it with a gas burner to hermetically 
seal the envelope 88. A getter treatment was conducted 
by means of a high frequency heating technique in order 
to maintain the inside of the envelop to that degree of 
vacuum . 
[0278] 

Each of the prepared image -forming apparatus was 
then driven to operate by applying a scan signal and a 
modulation signal from a signal generator (not shown) by 
way of the external terminals Doxl through Dox20 €uid Doyl 
through Doy60 so that a voltage was applied to each of 
the electron-emitting devices to cause it emit electrons. 
At the same time, a high voltage of 7 IcV was applied to 
the metal baclc 85 by way of the high voltage terminal Hv 
87 in order to accelerate the electron beams until they 
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collided with and excited the fluorescent film b4, whicn 
by turn fluoresced to produce fine and excellent images 
on a stable basis. 
[0279] 

At the same time the current running into the 
high voltage terminal Hv 87 and the emission current le 
were measured* For each apparatus, the variances Ale and 
the average le of each device row (60 devices) are shown 
in Table 11 below, 
[0280] 

[Table 11] \ 





method 


(per 
(pA) 


nie 
row) 
(%) 


Example 14-1 


A 


90 


5 


Exeunple 14-2 


B 


120 


5 


Example 14-3 


C 


90 


5 


Com. Ex. 8 


D 


60 


15 
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[0281] 

Ale of the electron source of each of Examples 
14-1 through 14-3 was very small when compared with its 
counterpart of the electron source of Comparative Example 
8 to prove the uniformity of the electron-emitting 
devices. The electron-emitting devices of the electron 
source of each of the Examples 14-1 through 14-3 
maintained the given pulse wave height Vh (6 V) during 
the energization forming process, whereas those of the 
electron source of Comparative Example 8 showed 
remarkable variances between 0 and 12 V, The variances 
in the resistance of the devices (prior to energization 
forming) were reflected to the variances in the voltage 
applied to the electron-emitting devices. Additionally, 
the pulse voltage used in Comparative Example 8 was 
higher than its counterpart of the Examples 14 group so 
that the electron -emitting region may be not be formed 
uniformly. 
[0282] 

[Example 15] 

Fig. 17 is a block diagram of a display appeuratus 
realized by using a method according to the Invention and 
an image-forming apparatus 201 (display panel) prepared 
in Example 14 and arranged to provide visual information 
coming from a variety of sources of information including 
television transmission and other image sources. 
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[0283] 

In Fig. 17, there are shown a display panel 201, 
a display panel driver 1001, a display panel controller 
1002, a multiplexer 1003, a decoder 1004, an input/output 
interface circuit 1005, a CPU 1006, an image generator 
1007, image input memory interface circuits 1008, 1009 
and 1010, an image input interface circuit 1011, TV 
signal receivers 1012 and 1013 and an input unit 1014. 
[0284] 

If the display appciratus is used for receiving 
television signals that are constituted by video and 
audio signals, circuits, speakers and other devices are 
required for receiving, separating, reproducing, 
processing and storing audio signals along with the 
circuits shown in the drawing. However, such circuits 
and devices are omitted here in view of the scope of the 
present invention . 
[0285] 

Now, the components of the apparatus will be 
described, following the flow of image signals 
therethrough . 
[0286] 

Firstly, the TV signal receiver 1013 is a circuit 
for receiving TV image signals transmitted via a wireless 
transmission system using electromagnetic waves and/or 
spatial optical telecommunication networlcs. 



- 125 - 



[0287] 

The TV signal system to be used is not limited to 
a particular one and any system such as NTSC, PAL or 
SECAM may feasibly be used with it. It is particularly 
suited for TV signals involving a larger number of 
scanning lines (typically of a high definition TV system 
such as the MUSE system) because it can be used for a 
large display panel 201 comprising a large number of 
pixels . 
[0288] 

The TV signals received by the TV signal receiver 
1013 are forwarded to the decoder 1004* 
[0289] 

The TV signal receiver 1012 is a circuit for 
receiving TV image signals transmitted via a wired 
transmission system using cocixial cables and/or optical 
fibers. Lilce the TV signal receiver 1013, the TV signal 
system to be used is not limited to a particular one and 
the TV signals received by the circuit are forwarded to 
the decoder 1004. 
[02901 

The image input interface circuit 1011 is a 
circuit for receiving image signals forwarded from an 
image input device such as a TV camera or an image 
piclc-up scanner. It also forwards the received image 
signals to the decoder 1004. 
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[0291] 

The image input memory interface circuit 1010 is 
a circuit for retrieving image signals stored in a video 
tape recorder (hereinafter referred to as VTR) and the 
retrieved image signals are also forwarded to the decoder 
1004. 
[0292] 

The image input memory interface circuit 1009 is 
a circuit for retrieving image signals stored in a video 
disc and the retrieved image signals are also forwarded 
to the decoder 1004. 
[0293] 

The image input memory interface circuit 1008 is 
a circuit for retrieving image signals stored in a device 
for storing still image data such as so-called still disc 
and the retrieved image signals are also forwarded to the 
decoder 1004. 
[0294] 

The input/output interface circuit 1005 is a 
circuit for connecting the display appeuratus and an 
external output signal source such as a computer, a 
computer network: or a printer. It carries out 
input /output operations for image data and data on 
characters and graphics and, if appropriate, for control 
signals and numerical data between the CPU 1006 of the 
display apparatus and an external output signal source. 
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[0295] 

The image generation circuit 1007 is a circuit 
for generating image data to be displayed on the display 
screen on the basis of the image data and the data on 
characters and graphics input from an external output 
signal source via the input/output interface circuit 1005 
or those coming from the CPU 1006. The circuit comprises 
reloadable memories for storing image data and data on 
characters and graphics, read-only memories for storing 
image patterns corresponding given character codes, a 
processor for processing image data and other circuit 
components necessary for the generation of screen images. 
[0296] 

Image data generated by the JLmage generation 
circuit 1007 for display are sent to the decoder 1004 
and, if appropriate, they may also be sent to an external 
circuit such as a computer networlc or a printer via the 
input/output interface circuit 1005. 
[0297] 

The CPU 1006 controls the display apparatus and 
carries out the operation of generating, selecting and 
editing images to be displayed on the display screen. 
[0298] 

For example, the CPU 1006 sends control signals 
to the multiplexer 1003 and appropriately selects or 
combines signals for images to be displayed on the 
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display screen. At the same time it generates control 
signals for the display panel controller 1002 and 
controls the operation of the display apparatus in terms 
of image display frequency, scanning method (e.g., 
interlaced scanning or non-interlaced scanning) , the 
number of scanning lines per frame and so on. The CPU 
1006 also sends out image data and data on characters and 
graphic directly to the image generation circuit 1007 and 
accesses external computers and memories via the 
input/output interface circuit 1005 to obtain external 
image data and data on characters and graphics . 
[0299] 

The CPU 1006 may additionally be so designed as 
to participate other operations of the display apparatus 
including the operation of generating and processing data 
like the CPU of a personal computer or a word processor. 
The CPU 1006 may also be connected to an external 
computer network via the input /output interface circuit 
1005 to carry out computations and other operations, 
cooperating therewith. 
[03001 

The input unit 1004 is used for forwarding the 
instructions, programs and data given to it by the 
operator to the CPU 1006. As a matter of fact, it may be 
selected from a variety of input devices such as 
keyboards, mice, joysticks, bar code readers and voice 
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recognition devices as well as any combinations thereof. 
[0301] 

The decoder 1004 is a circuit for converting 
various image signals input via said circuits 1007 
through 1013 back into signals for three primary colors, 
luminance signals and I and Q signals. Preferably, the 
decoder 1004 comprises image memories as indicated by a 
dotted line in Fig. 17 for dealing with television 
signals such as those of the MUSE system that require 
image memories for signal conversion. 
[0302] 

The provision of image memories additionally 
facilitates the display of still images as well as such 
operations as thinning out, interpolating, enlarging, 
reducing, synthesizing and editing frames to be 
optionally carried out by the decoder 1004 in cooperation 
with the image generation circuit 1007 and the CPU 1006. 
[0303] 

The multiplexer 1003 is used to appropriately 
select images to be displayed on the display screen 
according to control signals given by the CPU 1006. In 
other words, the multiplexer 1003 selects certain 
converted image signals coming from the decoder 1004 and 
sends them to the drive circuit 1001. It can also divide 
the display screen in a plurality of frames to display 
different images simultaneously by switching from a set 
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of Image signals to a different set of image signals 
within the time period for displaying a single frame • 
[0304] 

The display panel controller 1002 is a circuit 
for controlling the operation of the drive circuit 1001 
according to control signals transmitted from the CPU 
1006, 
[0305] 

Among others, it operates to transmit signals to 
the drive circuit 1001 for controlling the sequence of 
operations of the power source (not shown) for driving 
the display panel in order to define the basic operation 
of the display panel. It also transmits signals to the 
drive circuit 1001 for controlling the image display 
frequency and the scanning method (e.g., interlaced 
scanning or non-interlaced scanning) in order to define 
the mode of driving the display panel. If appropriate, 
it also transmits signals to the drive circuit 1001 for 
controlling the quality of the images to be displayed on 
the display screen in terms of luminance, contrast, color 
tone and sharpness. If appropriate, the display panel 
controller 1003 transmits control signals for controlling 
the quality of the image being displayed in terms of 
brightness, contrast, color tone and/or sharpness of the 
image to the drive circuit 1001. 
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[0306] 

The drive circuit 1001 is a circuit for 
generating drive signals to be applied to the display 
panel 201. It operates according to image signals coming 
from said multiplexer 1003 and control signals coming 
from the display panel controller 1002. 
[03071 

A display apparatus according to the invention 
and having a configuration as described above and 
illustrated in Fig* 17 can display on the display panel 
201 various images given from a variety of image data 
sources. More specifically, image signals such as 
television image signals are converted back by the 
decoder 1004 and then selected by the multiplexer 1003 
before sent to the drive circuit 1001. On the other 
hand, the display controller 1002 generates control 
signals for controlling the operation of the drive 
circuit 1001 according to the image signals for the 
images to be displayed on the display panel 201. The 
drive circuit 1001 then applies drive signals to the 
display panel 201 according to the image signals and the 
control signals. Thus, Images are displayed on the 
display panel 201. All the above described operations 
are controlled by the CPU 1006 in a coordinated manner. 
[0308] 

In addition to simply displaying one selected 
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from image memories built in the decoder 1004, the image 
generator 1007 and informations, the image-forming 
apparatus can also perform, on the image information to 
be displayed, not only image processing such as 
enlargement , reduction , rotation , movement , edge 
emphasis, thinning-out, interpolation, color conversion, 
and conversion of image aspect ratio, but also image 
editing such as synthesis, erasure, coupling, 
replacement, and inset. Although not especially 
specified in the description of this Example, there may 
also be provided a circuit dedicated for processing and 
editing of voice information, as well as the 
above -explained circuits for image processing and 
editing. 
[0309] 

Accordingly, even a single unit of the display 
device of this Example can have functions of a display 
for TV broadcasting, a terminal for TV conferences, an 
image editor handling still and motion pictures, a 
computer terminal, an office automation terminal 
including a word processor, a game machine and so on; 
hence it can be applied to very wide industrial and 
domestic fields. 
[0310] 

It is needless to say that Fig. 17 only shows one 
example of the configuration of the display device using 
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the display panel in which the electron source comprises 
surface conduction electron-emitting elements, and the 
present invention is not limited to the illustrated 
example . 
[0311] 

For example, those circuits of the components 
shown in Fig. 17 which are not necessary for the purpose 
of use may be dispensed with. On the contrary, depending 
on the purpose of use, other components may be added. 
When the display device is employed as a TV telephone, it 
is preferable to provide, as additional components, a TV 
camera, an audio microphone, an illuminator, and a 
transmission/reception circuit including a modem. 
[0312] 

In the image -forming apparatus according to the 
present invention, since the display panel 201 of the 
present invention is easily made flat, the display 
apparatus can be made thin. Additionally, since the 
display panel having a large display area is easily 
prepared and It has a high brilliance and an excellent 
visual field angle characteristic, it can clearly display 
vivid images with full realism. 
[0313] 

Further, by the use of the electron source having 
uniform and stable electron-emitting characteristics 
according to the present invention, a color flat 
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television having excellent color reproduction and high 

quality without unevenness was realized. 

[0314] 

[Effect of the Invention] 

As described above, according to the present 
invention, an electron-emitting device exhibiting uniform 
and stable electron-emitting characteristics is provided. 
[0315] 

Further, in an electron source formed by 
arranging a number of said electron-emitting devices and 
emitting electrons responding to input signals, each of 
the electron-emitting devices can uniformly and stably 
emit electrons. Further, an image-forming apparatus 
using such an electron source can display high quality 
images with small unevenness of brilliance and excellent 
operation stability . 
[0316] 

As described above, according to the present 
invention, a flat display having a large display area is 
realized with small unevenness of brilliance and high 
display quality and excellent operation stability. 
[Brief Description of the Drawings] 

[Fig. 1] 

(a) and (b) of Fig. 1 are a schematic plan view 
and a schematic cross sectional view of a plane type 
surface conduction electron-emitting device according to 
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the invention. 

[Fig. 21 

Fig. 2 is a schematic cross sectional view of a 
step type surface conduction electron-emitting device 
according to the invention. 

[Fig. 3] 

(a) through (c) of Fig. 3 are schematic cross 
sectional views of the surface conduction 
electron-emitting device of Fig. 1, showing different 
manufacturing steps. 

[Fig. 4] 

(a) and (b) of Fig. 4 are graphs showing voltage 
waveforms that can be used for energization forming for 
the purpose of the present invention. 

[Fig. 5] 

Fig. 5 is a schematic diagram of a vacuum 
treating apparatus (gauging system) which can be used for 
a process for manufacturing an electron-emitting device 
of the present invention. 

[Fig. 6] 

Fig. 6 is a graph illustrating an electron- 
emitting performance of an electron-emitting device 
according to the present invention. 

[Fig. 7] 

Fig. 7 is a schematic plan view of an electron 
source having a simple matrix arrangement according to 
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the present invention. 
[Fig. 8] 

Fig. 8 is a schematic perspective view of a 
display panel used an image -forming apparatus comprising 
an electron source having a simple matrix arrangement 
according to the present invention. 

[Fig. 9] 

(a) and (b) of Fig. 9 are two possible 
arrangements of fluorescent film in the display panel of 
Fig. 8. 

[Fig. 10] 

Fig. 10 is a schematic diagram of a drive circuit 
for driving the display panel of Fig, 8. 
[Fig. 11] 

Fig. 11 is a schematic plan view of an electron 
source having a ladder -lilce arrangement according to the 
present invention. 

[Fig. 12] 

Fig. 12 is a schematic perspective view of a 
display panel used an image -forming apparatus comprising 
an electron source having a ladder- lllce arrangement 
according to the present invention. 

[Fig. 13] 

Fig. 13 is a schematic partial plfin view of an 
electron source having a simple matrix arrangement in an 
example of the present invention. 
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[Fig. 141 

Fig. 14 is a schematic partial cross -sectional 
view of the electron source of Fig. 13. 
[Fig. 15] 

(a) through (d) of Fig. 15 are schematic 
cross -sectional views of the electron source of Fig. 3, 
illustrating different manufacturing steps. 

[Fig. 16] 

(e) through (h) of Fig. 16 are schematic 
cross -sectional views of the electron source of Fig. 13, 
illustrating different manufacturing steps. 

[Fig. 17] 

Fig. 17 is a schematic block diagram of an 
image-forming apparatus of Example 11, 
[Fig. 18] 

Fig. 18 is a schematic plan view of a known 
surface conduction electron-emitting device. 
[Fig. 19] 

Fig. 19 is a graph showing the voltage waveform 
used for energization forming in Comparative Example 4. 
[Fig. 20] 

Fig. 20 is a graph showing the relationship 
between the device current and the pulse wave height in 
the energization forming process of Comparative Example* 

[Fig. 21] 

Fig. 21 is a schematic diagram of the circuit 
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used for energization forming for the image-forming 
apparatus of Examples 4 and 14. 
[Fig. 221 

(a) through (c) of Fig. 22 show schematic 
illustrations of the secondary electron image views 
observed through an electron microscope for determining 
the voltage applicable length of the electron-emitting 
region of an electron-emitting device according to the 
invention. 

[Fig. 23] 

(a) and (b) of Fig. 23 are graphs schematically 
illustrating the triangular pulse voltages used for 
energization forming in Example 12 and Comparative 
Example 7 . 

[Fig. 24] 

Fig. 24 is a graph showing the typical schematic 
relationship between the pulse wave height and the device 
resistance observed in the energization forming process 
of the surface conduction electron-emitting device of the 
prior art. 

[Description of Reference Numerals or Symbols] 

1 : substrate 

2 : electron-emitting region 

3 : electroconductive film 
4, 5 : device electrode 

21 : step forming section 
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50 : 


ammeter 


51 : 


power source 


52 : 


ammeter 


53 : 


high voltage source 


54 : 


anode 


55 : 


vacuum chamber 


56 : 


vacuum pump 


71 : 


electron source substrate 


72 : 


X-dlrectional wire 


73 : 


Y- directional wire 


74 : 


surface conduction electron-emitting device 


75 : 


connecting wire 


81 : 


rear plate 


82 : 


support frame 


83 : 


glass substrate 


84 : 


fluorescent film 


85 : 


metal back 


86 : 


face plate 


87 : 


high voltage terminal 


88 : 


envelope 


91 : 


black conductive material 


92 : 


fluorescent substance 


101 ; 


: display panel 


102 : 


scanning circuit 


103 ! 


control circuit 


104 : 


shift register 



- 140 - 



105 : line memory 

106 : synchronizing signal separation circuit 

107 : modulation signal generator 

110 : electron source substrate 

111 : electron-emitting device 

112 : common wire 

120 : grid electrode 

121 : opening 

131 : interlayer insulating layer 

132 : contact hole 

133 : Cr film 

134 : Pt film 

141 : black portion of secondary electron image 

142 : white portion sandwiched by black portion 

of secondary electron image 

201 : display panel 

1201 : substrate 

1202 : electron-emitting region 

1203 : electroconductive film 

1401 : common electrode 

1402 : pulse generator 

1403 : control switching circuit 
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[Name of the Document] Abstract 

[Abstract] 

[Problem] 

There Is provided an electron-emitting device 
which is suitable as an electron beam source capable of 
realizing an image-forming apparatus having a high 
quality. 

[Means for Solving the Problem] 

A method of manufacturing an electron-emitting 
device comprising an electroconductive film 3 having an 
electron-emitting region 2 formed therein between a pair 
of device electrodes 4 and 5, characterized in that said 
electron-emitting region 2 is formed in an atmosphere 
containing gas promoting reduction or cohesion of the 
electroconductive film 3. 
[Effect] 

Electric power required for energization forming 
process can be reduced and electron-emitting devices 
having uniform electron-emitting characteristics are 
obtained. 

[Elected Drawing] 
Fig. 1 
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